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GREAT door opens at one end of the 
Inland Strip Mill Roll Shop. A heavy 
truck backs in, and its load, a massive roll 
from an Inland Cold Strip Mill, is carried 
away in the cables of an overhead crane. 
A few moments later this roll is resting 
in the housings of a precision grinding 
machine, whose grinding wheel of selected 
grade lightly passes back and forth across 
the surface of the roll. Operating the machine 
is a skilled craftsman especially trained to 
judge fine roll finishes by sight, feel and 
use of extremely accurate gages. 


— 


Cylindrical Mirrors of Steel Impart Fine 
Finishes on Inland Cold Finished Sheets 


A few minutes pass and lights begin to 
reflect on the newly ground roll surface. 
Gradually by skillful manipulation of 
machine and grinding wheel, this massive 
roll has become a revolving cylindrical 
mirror of steel. 


Dozens of these rolls are ground each day 
for use in the Inland Cold Rolled Strip Mills. 
Extra rolls are always ready for quick 
change, to impart the fine surface for which 


Inland Cold Rolled Strip and Sheets are 
known wherever steel is used. 


SHEETS - STRIP + TIN PLATE - BARS + PLATES - FLOOR PLATES + STRUCTURALS + PILING + RAILS + TRACK ACCESSORIES - REINFORCING BARS 
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structures 


EVER IN THE HISTORY OF AVIATION 
has there existed a greater need for light, 
strong, and economical materials. Engineers 
and designers must weigh the terms “light” and 
“strong” carefully in this day of high speed pro- 
duction. A needless pound of metal, unwisely 
placed, will not only reduce the pay load (or 
armament load in troubled 
times) but must be carried on each errand, con- 


bomb and these 
suming horsepower with no effective returns. 
The third demand for “economical” design, not 
too costly, Was more important in normal peace- 
limes; today we must economize, rather, on 
man-hours of labor. 

A good strength-weight ratio is still a pri- 
mary criterion of efficient aircraft design. Can 
We improve this ratio by substitution? Can we 
‘urther increase the properties of aluminum or 
magnesium, which are even now light and 
Let us tabulate the weight components 
idern four-engined airplane, say of 
"W000 Tb. gross weight. Its structural weight 
empty will probably be 27,000 Ib., of which 
11,000 Ib. represents engines, propeller, acces- 


strong? 


of a me 


series and non-structural furnishings. The 
remaining 16,000 Ib. may be subdivided as 
show Table 1 (page 36). Obviously, the 
largest chance for savings is in the light alloys. 

lt! must be emphasized that the weight dis- 


By Kenneth R. Jackman 
Chief Structural Test Engineer 
Consolidated Aircraft Corp 

San Diego, Calif. 


tribution between drawn sections and extru- 
sions or between forgings and castings varies 
with each manufacturer and in each model. 
Drawn sections have their advantages of local 
manufacture, versatility of gage, cheapness of 
manufacture, and possibilities of corrosion pre- 
vention by the use of alclad strip stock. 

Now we can imagine ourselves in the posi- 
tion of the designer who is confronted with the 
task of lightening this structure, of modern 
design, clean externally and efliciently designed 
internally. Many forgings or castings might be 
changed to magnesium alloys, with some weight 
saving. Likewise these same forgings and cast- 
ings, regardless of their material, undoubtedly 
have excess metal in odd corners. Here the 
metallurgist and test engineers can help. 

Not much can be done to reduce the weight 
of the sheet that covers wing, fuselage and tail 
surfaces. The present trend is to use 24S-T 
alclad sheet, thereby eliminating most of the 
corrosion troubles by the pure aluminum exter- 
nal coating and yet retaining the enhanced core 
strength of 24S-T. Where the surface covering 
is in tension or shear some weight may be saved 
by substituting roll-hardened 24S-RT sheet with 
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its 70,000 psi. tensile ultimate, 55,000 tensile 
vield, and 42,000 shear ultimate for the former’s 
62,000, 41,000 and 40,000 respectively. 

So we scan the fast decreasing possibilities 
of weight saving on our 50,000-Ib. airplane. Only 


developed that would justify the op 
Laboratory tests were conducted, eff 
the material studied, factory procedu 
slightly changed, and today our Model 


ing Boat may be 


Table 1—Analysis of Metals in 4-Engined Airplane Structure 


TAIL 


LANDING 


CONTROLS 


METAL Form WING | FUSELAGE | c........ ToraL 
SURFACES GEAR AND MISC. and tail surfaces com. 
Steel Cr-Mo 300 200 20 1000 80 1,600 pletely reinforced by 
Stainless 500 50 50 600 pre-stretched | st: ngers, 
Magnesium | Castings 50 30 The amazing fact js 
Sheet 7000 2100 800 100 500 10,500 that no extra manufac. 
Extrusions 150 100 50 175 500 
Aluminum | Drawn parts 950 400 100 50 1,500 uring equipment was 
Alloy Castings 100 100 
Forgings 150 50 25 100 25 400 | Fig. 1— Stress-Strain Curves, « | 
Rivets 250 100 50 50 490 | yield Point, of Several Materials 
Others All 20 20 20 100 200 Aircraft Structures. Dotted 
Grand total for structure 15,900 | are extenstons of region 
proportionality between stress 
strain (or lines parallel ther 
180 T 
the extrusions and drawn or rolled sections | 

remain to be investigated, and in Table 1 again 
we see that there are oniy 2000 Ib. of them in | @ 24 ST Aluminum Alloy See. 
tl Reheat Ireated 

@) Structural Silicon Stee 
Will a substitution of magnesium alloy | @ 18-8 Stainless Steel, As Role 
stringers for those of 24S-T aluminum alloy Ch —— 1 © Sample 4, Heat Treatec # 
S 450 °F 
save weight? Some, perhaps, but not as much 
as the densities might indicate. We cannot 700 |\— @ “Formica Grade Resi 
use the hard-rolled sheet, Type Eh, for its Q 
strength (see Data Sheet in MetraL ProGress, 3 80 
October 1940 Reference Issue, page 534), for & 
it must be formed hot, and the cold-worked F: 60 | — 
properties then revert to the Type Ea or S 
annealed metal. <A better comparison is of 40 
extrusions: 24S-T aluminum alloy extrusions 
in aircraft gages may be depended upon to 20 
develop considerably better than the manufac- 
turer’s minimum guarantee of 57,000 psi. ulti- 


mate tensile, 42,000 yicld in tension, with a 12% 
elongation. Type “J” Dowmetal, a worthy mag- 
nesium alloy extrusion substitute, develops val- 
ues of 43,000, 30,000 and 17% respectively. 
These values are so much lower than the alu- 
minum that the answer is not found in chang- 
ing to other light alloys now available. 

Now let us see what “cold working” or 
our original 24S-T extrusions 
It has long been 


“pre-stressing” 
and drawn shapes will do. 
known, of course in a general way, that cold 
working increases the available strength of 
metals, and some years ago we at the Consoli- 
dated Aircraft Corp. attempted to discover 
whether practical shop procedures could be 


ition. 


S On 

very 

Fly. 

seen rising from San Diego 
Bay with wing lo odings 
exceeded only by com. 
panion ships o! later 


design, with wing, hull. 
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Strain, In. per In. 


needed other than draw benches and straight 
ening benches. With no extra production steps 
the strength of the zee stringers on this boa! 
has been increased in tension by approximatel) 
28% at yield, and in compression (in plat 


stringer combinations) by nearly 6° a! 
The weight saved is considerable, as 
developed in the latter portion of this 

It may be well, at the outset, to dé 
“Uni-directional cold work 
obtained by working the material in © '} 
direction, as in stretcher straighten! 


terminology. 
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Compress? TOD Ps 


or pre-compressing as a column. 


strete 
a rectional cold work” is a result of 
defo! ng in two or more directions, as in 
upset _cold-rolling, or cold-forging. 

simplest form of uni-directional cold 
work hat obtained when a laboratory tech- 
nicia ids a tensile specimen beyond the elas- 
tic Lit Figure 1 shows the stress-strain curves 
for several common aircraft materials in the 
vield region. At point a on Curve 1 for 24S-T 
the proportional elastic limit has been reached 


and. bevond this point, Hooke’s law of “stress 
proportional to strain” is no longer applicable. 
If the load were to be carried from a to point 
». for instance, and released, the stress-strain 
curve would fall back on the line bo’ and a 
permanent set of 0.002 in. per in. result. A sec- 
ond application of load to this same tensile 
coupon would cause the new curve to follow 
the o’b line again, reaching point b and then 
continuing on the conventional 24S-T curve. 
The re-test has a definite “knee” at b, higher 
than it originally was, and this is quite char- 
acteristic of cold-worked material. Cold work- 
ing has resulted in increasing the “proportional 
elastic limit” (p.e.l.) from 49,000 psi. of the 
basic material to 55,000 psi. Likewise the whole 
stress-strain curve of pre-stretched material 
will be correspondingly translated to the right, 
and have an increased “yield point at 0.2% set”, 
as at point c on Fig. 1. 

A material can only be cold worked in pro- 
portion to its original ductility, in terms of the 
elongation at failure. At c we have used up 
approximately 0.9% of the normal 24S-T elon- 
gation of 17%. There still remains plenty to 
care for shop operations and energy storage 
qualities under service shocks. 


Early Test Results 


As early as 1937 some interesting contribu- 
tions to our knowledge of pre-compressed col- 
umns of the aluminum alloy 17S-T were made 
by Messrs. Hour and HarrMann of the Aluminum 
Co. of America’s research laboratories. Figure 
2, from their work, shows that the p.e.l. of 17S-T 
aluminum alloy tubing, tested in compression as 
23,000 as 
a gain of 


a short column, was increased from 
received from the mill to 39,000 psi., 
70%, if the tube was pre-compressed 40,000 psi. 
under such conditions of support as prevented 
buckling or other column failure. Pre-com- 
pressed 2 0.083-in. tubing, used as columns of 
various lengths, developed crippling stress on 
very short samples as high as 55,000 psi.; in 
“short columns” with round ends it gained 33% 
in strength at a slenderness ratio Lp between 
10 and 50; and in “long columns” with flat ends 
it gained 25% in strength at slenderness ratios 
between 80 and 100. These percentages repre- 
sented improvements over the allowables in 
conservative design as practiced five years ago. 

Still being of an investigative trend of mind, 
these researchers then applied 30,000 and 40,000 
psi. tension stresses to the pre-compressed 
tubes, with results as shown in Fig. 2. Appli- 
cation of 40,000 psi. pre-compression to the 
17S-T tube, followed by a 30,000 psi. pre-tension, 
gives us a considerable net gain shown in Curve 
3. This effect and its reverse are very impor- 
tant, for each wing upper surface stringer that 
is designed for certain compressive stresses in 
flight (say + 5 g. or five times the force exerted 
by gravity in free fall) may be subjected to 
—3 g. on a hard landing, thereby applying 60% 
as much tension as the original compression. 

Early in 1940 Messrs. TEMPLIN and 
Sturm of the same Alcoa research group 


Strain, In.per In. 
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L = presented a fine paper in the Journal of the 
—— | Aeronautical Sciences on the stress-strain 
® characteristics of several metals well 
- YP (02%Set) beyond the yield point in both tension and 
| compression. In Fig. 3 (page 38) are 
shown some of their cyclic stress-strain 
pe curves undertaken on aluminum speci- 
-20|— @® As Received mens suitable for testing either in tension 
/ @ PeGompressed to 40,000 Lb per Sqn. or compression, At left of this sketch are 
/ @ to 4000 Lb per 84 cyclic curves beginning with tension and 
per Sq.in. Tension 
PreCompressed to 4Q000 Lb Un. 
/ ® “44000 Lb. per Fig. 2— Stress-Strain Curves in Compression 
/ | of 2x0.083-In., 178S-T Seamless Tubing, as Received 
! l From the Mill, and After Certain Pre-Stressing 
Q006 2008 Programs. Pre-compression raises the proportional 


elastic limit in compression (Holt and Hartmann) 
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following the usual stress-strain curve to a, alloys after a_ pre-stretching. To th. Jef; a 


whereupon the load is released and the curve in solid lines is shown the per cent ch: ge jy ~ 
falls off parallel to the initial modulus line. yield strengths of 17S-T extruded rod | saing | 
It intersects the horizontal axis at a strain of per cent pre-stretch (in terms of pern anen 
approximately + 0.002 in. which marks the set) when the stretching operation was per- A 
amount of permanent set from the initial ten- formed several days after heat treatment. 4 im 
sion load. At point b the load is shifted to slight loss (decrease of about 4% in the vielg 
compression and the loading continued down stress in compression) occurs at low pre-streteh, > — 
to c. Compressive load is then released and the but this is overcome when the pre-streteh 
stress-strain curve comes back to the origin, reaches 214‘c. Aging has a pronounced effect: 
again following a path parallel to the original pre-stretching within 1 hr. after heat treatmen; aT! 
modulus line. In this first cvcle the compres- is only a fraction as effective as though th: 
sive load c was so chosen, in relation to the ten- work is delaved for several days’ aging. a — 
sile load a, that the stress-strain curve “Flapse 
returned to the origin ¢ $40 
rhe tension cycle is now repeated, PreStretoheg Several Days 
this time to the higher load d, then I THI after Heat Treatment” |— 
5 ____Pregtretched One Hour 
reversed into the compression region , 700 |-— after Heat Treatment | 
Several interesting features exist Curves far Tensile Yield Point 
+20 Extruded Rod | | | | | 
on this family of curves: First, the | | 47 
cold work knee”, caused by the ini-  S& ves for 24-§ 
tial “as-received” cold work, appears -S +10 Yield Point L 
only on the original tensile cycle at f. 8 | fi 
/ 8 a Pat | Compressive Yield Paints 
Second, the loops close within experi- = & 7 T 
by the curves on the right side of Fig. Compressive Point | 
+50 Pre-Stretch, % 
+40 | Tensile Yield Point Is Snevemsed A bout A 
| 2 35% and Compressive Yield Point Unchang ; 
+30 by 242% Pre-Stretching of Heat Treated an 
Aged 17S-T and 24S8S-T (Templin and Sturm \ 
+20 u 
LI 410 rhe curves for 24S-T tubing are com- 
b parable to the ones for 17S-T extruded rod, 
stretched after aging. Tests on the 245-! 
V | | tubing were made after various intervals 
“2 -2Or— t between heat treatment and pre-stretching, 
-30 but all faired into the “aged curve”, indi- 
i | | cating that aging occurs rapidly in 21S-! 
“0004 O +0004 +00U8-0008 -0004 +0004 
Initial Tension Cycle Initial Compression Cycle Practical Applications Already Made = 
Fig. 3— Cyclic Tensile and Compressive Overloadings of . 
17S8-T Rolled Rod Eliminate Original Proportional Elastic Work such as this, as well as cheek , 
Limit f or f’, but do Not Change the Slope of the Modulus results at our own laboratory, has alread\ I 
in Either Tension or Compression (Templin and Sturm) A ; , ait ce 
resulied in a worth-while saving in mati 
| 
members, despite the conventional practic 
3, when the stress cycle is carried out in the reverse of correcting structural test results dow! | al 
direction the loops also close, and the modulus (the the minimum allowable yield poin! guar . 
f 
slope of the straight portions) remains constant in anteed by the material manufacture! I 
both sets of curves and is the same in tension as in this minimum guarantee could be ! sed 0! P 
compression. the material could be cold worked by sh 
Figure 4 summarizes the gains obtained by aircraft manufacturer to propertic: abe’! 
Messrs. TEMPLIN and Sturm on the strong aluminum those in the “as-received” condi! this 
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> of Aging Before 4% | (b) Effact of Amount of Pre-Stretch an (c) of Pre-Stretch on 
Properties 270+ Properties of Dravn Ya-dn |. 4xtruded Hot StifFener 
te Tension | Ultimate rile Ne 
— & Tensile Yield 
| + + - + + +> +> +50 es 
8 
= am” 40 - Elongation | 115 2 8 -30 PEL. 
(Samples 5 ¥-In. song 
30 Ultimate Compression 5 2 -50 
02 4 8 4 & 168 Hr 0 2 4 6 8 ly 2 4 e “ 10 
Slansed Time Between Quench and Stretching Pre-Stretch (% Permanent Set) Pre- Stretch (% Permanent Set) a 
Fig. 3 Tests on Pre-Stretched 24S-T Aluminum Alloy. Left and center diagrams are for te ee 


7.-in. drawn “zee” stiffeners made of alclad sheet. Right diagram is for extruded “hat” stiffeners 


correction would not be as large as it is now. 

Consolidated Aircraft Corp. has found that 
a definite strength-weight gain can be made if 
controlled and cold-worked material is used in 
major structural assemblies, Its present prac- 
tice in manufacturing stiffeners intended for 
such structures is to draw dhe various shapes 
from strip stock in the annealed or soft condi- 


tion. 


and y.p. in tension is obtained by pre-stietch- 
ing up to about 6°, whereupon the curves then 
flatten out. The ultimate elongation of the pre- 
stretched material, it will be noted, is lowered 
an amount equivalent to the amount of pre- 
stretching. Figure 5b also shows that the ulti- 
mate compression stresses obtained from. the 
sheet-stiffener combinations were slightly low- 
ered during the initial 1‘ pre-stretch and then 


rhey are then heat treated and aged and 


then stretched enough to leave approximately rose until the compression allowable after a 1% 


3! permanent set. pre-stretch again equaled that of the unstretched 
In the last four vears the Consolidated material. At 10°. pre-stretch, the sheet stiffen- 

Aircraft research department has studied, 
among other things, the effect of the time inter- Fig. 6 — Set-Up for Compression Test on 24S-T 
vening between quenching and stretching. Fig- Plate Stringers. Dials at sides are to verify 
the vertical translation of the lower platen 


ure da was obtained from 7x,-in. deep-drawn 
pre-stretched 4.0°, plotted as the sum- 
mation of the tensile properties taken from 16 
stress-strain charts and from a like number of 
sheet-stiffener compression tests. 

Tensile properties of the material pre- 
stretched after aging 24 hr. were higher than 
similar properties obtained immediately after 
heat treatment. These increases amounted to 
for the p.e.L, 814° at vield, and 4% at ulti- 
mate. However, if the 7.-in. drawn 24S-T zees 
were held only 6 hr. and then pre-stretched, 
little further gain could be obtained by a longer 
delay. This finding is in accord with tests by 
leMeuIN and Sturm. Elapsed time had negligi- 
ble effect on the other properties shown, or the 
ultimate compressive strength of sheet-stiffener 
combinations. 

effect of increasing amounts of pre- 
essing in the 
A rapid increase in the p.e.l. 


tension on same material is 


she n Fig. Sb. 
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ers gained 17‘¢ in ultimate compression stress 
over that of the untreated combinations. 

Sheet-stiffener units were tested by com- 
pressing the flat-ended panels between platens 
of a hydraulic testing machine as shown in Fig. 
6. The panel ends had previously been ground 
flat and parallel. 

Extruded shapes may also be pre-stretched 
with appreciable betterment. For instance, a 
1'4-in. deep “hat stiffener” of 0.091-in. thick 
21S-T extrusion gave the results shown in Fig. 
de when stretched various amounts. It will be 
noted that extruded stiffener material pre- 
stretched 314% will develop a yield point in 
tension which is about 19% above the value 
that may be expected from the same extruded 
material in the “as-received” condition. (UlIti- 
mate tensile strengths are approximately the 
same.) The compressive yield point is where 
0.002 in. per in. set occurred. A study of another 
hat section of thinner wall (0.078 in. gage), when 
pre-stretched 314°, shows that the 24S-T 
extruded material in tension is about 16% 
stronger at ultimate and 14% stronger at yield 
than the drawn 24S-T alclad. 

Use of 514-in. long double-hat columns, with 
their low slenderness ratios, did much to sim- 
plify and cheapen the determination of the stiff- 
ener crippling stresses, formerly studied by 
using complete sheet-stiffener combinations. 
Much testing time in man-hours was saved 
with these specimens because it was much more 
simple to insure uniform distribution of the 
load over the bearing area. 

In the tests every effort has been made to 
control the many variables. Material for each 
type of drawn stiffener tested was sheared from 


Fig. 7 Determination of Bearing 
on Double Hat Compression Specimen. 
Huggenberger tensiometers (single point 
attachments) on each outer flat. 
strain gages cemented to each inner face 
and read at remote electrical indicator 


the same sheet or strip stock or from th. samp. 
extrusion, thereby controlling the basic mate. 
rial. Stiffeners intended for a specific te. wer, 
solution heat treated in one group in the \jtrate 
bath. The ends of each compression sj. cimey 
were carefully ground flat and paralle! The 
most accurate practical methods were vsed jy 
determining compressive strains by either Hug. 
genberger 1000:1 gages, or the more practica] 
and accurate “celstrain” wire resistanc: Sages, 
or both. A typical set-up to determine the ypi- 
formity of bearing on a double-hat specimen js 
shown in Fig. 7. 

Consolidated Aircraft Corp. has also 
attempted to develop a practical method 
whereby the pre-compression of stiffeners might 
be applied to production, a far more difficult 
job than pre-stretching, since the column insta- 
bility and tendency to local buckling of light 
aircraft sections has to be resisted during th 
operation. 

Two methods were attempted; first, in 
individual 24-in. lengths restrained in hardwood 
forms cut to the shape of the hat stiffener and 
bolted together; and second, in 120-in. lengths 
also restrained by wooden forms. In the first 
test jig the compressive load was applied in a 
200,000-Ib. hydraulic testing machine, and a 
hydraulic jack in the second. 

To check on the relative effect of pre- 
stretching and pre-compression, short lengths 
of 24S-T alclad drawn hat sections, pre-com- 
pressed various amounts, were used as stiffeners 
at 5-in. centers on alclad sheet as received, and 
the assemblies tested in compression. The ulli- 
mate strength in compression increased direct 
with the amount of permanent set imposed by 
the pre-compression, from 
psi. when the assembly was built of 
material as received, to 43,500 psi. 
when it had been pre-compressed to 
Cel- a 2.1% permanent set. This is 4 
gain of 

Extruded hat seciions, tested 10 
both tension and compression, gave 
curves similar to those in Fig. 4 
and showed a slight difference in 
modulus, 10,250,000 psi. in tension 
and 11,500,000 in compression. This 
is no more, in the author's testing 
experience, than the exper ental 
scatter to be expected when ‘esting 
aluminum alloys. If a 20-!'. long 


extrusion of 24S-T is heat ‘reated 
15 


under controlled conditions ©! 
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Fig. 8 — Fixture for Pre-Compressing Long Extrusions. Each supporting 
block is movable end-wise between hold-down and supporting rollers 


min. the section straightened by stretch, 
and 10 tensile samples picked at random from 
its length, the individual specimens may vary 
by as much as 1‘ in the yield point and pro- 
portional elastic limit. With this variation 
present in a controlled situation, more design or 
shop accuracy than this experimental spread 
warrants should not be expected. 

There are also variations in the material to 
reckon with, and unfortunately 24S-T is not so 
uniform in its response to treatments as might 
be anticipated. Table 2 shows tests on two 
extrusions of the same section, received in dif- 
ferentshipments. The tensile values as received 
were so different that an “off” composition was 
suspected, but the analyses checked reasonably 
well, Past experience indicated that such 
extrusions might already have been pre- 
stretched anywhere from 0.5 to 1.5° in straight- 
ening, but even this would not account for the 
spread of 12,000 psi. in the ullimate strength. 
the conventional heat treatment was tried for 


15 min. without much influence. <A_ second 
15-min. heat treatment still resulted in a spread 
of 10,000 psi. Finally, in desperation, the extru- 
sions were soaked in the 930° F. salt bath for 
over 9 hr., with the desired equalizing results. 
A subsequent pre-stretch at 60,000 psi. after the 
15-min. heat treatment boosted each extrusion 
to slightly above its original “as-received” ulti- 
mate tension values, but with marked increase 
in the yield point and proportional elastic limit 
over the original values. 

Thus, our sleuthing has uncovered two 
interesting features of 24S-T aluminum alloy, 
cold worked; first, that considerably more than 
the normal 45 min. of heat treatment may be 
necessary to remove the effect of the “poly- 
directional” cold working of extrusions during 
manufacture; and second, the capacity of vari- 
ous shipments or batches of extrusions to 
increase in properties from a common level by 
pre-stressing may differ considerably. 

Recently we have attempted to make a more 


Table 2—Comparisons of Two 112x3*4,x0.078-In. Extruded 248-T Hats 


SPECIFIED EXTRUSION A EXTRUSION B 
Copper 4.4 3.96% 41.00% 
(0.22 0.31 
Manganese 0.5 0.73 0.69 
\Magnesium 15 1.19 1.05 
Silicon 0.12 0.10 
\luminum 93.60 93.78 93.85 
ULTIMATE YIELD P.E.L. ULTIMATE YIELD P.E.L. 
linimum Aleoa values 57.000 42,000 a 57,000 42,000 
received 66,000 15,000 78.000 55.000 
ited 45 min. at 930° F. 65,100 42.000 34,000 77,100 19,600 13,000 
heated 45 min. more at 930° F. 65,250 42,100 31,500 74,700 47,500 38,500 
iird heating (9% hr. total) 64,000 41,500 33,000 66,100 41,600 26,700 
Stretched by 60,000 psi.* 68,800 64,500 46,500 78,200 64,500 63.000 


* After first 45-min. anneal 


July, 1941; 


Page 41 


al 
fetes 
ZY 
| 
‘al 7 
> % 
| 
sf 


Table 3—Strength of Pre-Compressed Hats elastic limit by 34% 


But on this sp: imey 
CONDITION LOCATION ULTIMATE YIELD P.E.L.* Ex (10°) . 
the reduction of isile 
1's x4%x0.091 Rolled 24S-T Alclad, Heat Treated and Aged properties bv Om. 
Heat treated and aged 51,500 14,700 34,000 9.0 pression is evide) die 
Pre-compressed Center 1 51,500 51,000 46,500 10.0 the 9 ir 
60,000 psi. Center 2 52,000 51,800 48,500 9.5 Grop in vield 
Center 3 51,600 51,000 —46,000 9.6 point and 20°, pro- 
Center 4 —51,700 51,400 — 46,000 9.5 portional elastic limi 
Average —51,450 51,300 —46,750 9.6 
in tension. Son eVi- 
1'2x3%, 0.078 Extruded 24S-1 : 
dence of local wrink- 
As received +75, 100 + 55,200 + 50,000 10.6 ‘ng of ti 
Pre-compressed Center + 74,100 + 49,200 + 41,000 10.0 ling of the hat section 
60,000 psi. Center 2 + 74,000 + 51,200 + 43,000 10.0 occurred at the ends of 
I 
Center 4 + 75,450 + 50,000 + 40,500 9.7 ach wooden cuide 
Average + 74,520 + 50,080 + 41,500 9.9 
As rectived ee —93,650 — 49,400 39,000 11.6 ld | 
Pre-compressed Center 2 56,100 56,000 55,000 10.6 would have a more per- 
60,000 psi. S. End 2 55,800 55,700 93,500 10.6 fect specimen after 4 
N. End 1 58,000 58,000 54,000 11.3 55,000-psi. pre-compres. 
S. End 1 55,450 55,400 53,000 10.9 * but with ] 
Average —56,340 56,280 =—53,880 10.8 SION, DUC less gain 
In compression proper- 
*P.E.L. is Proportional Elastic Limit; plus sign means stress in tension, ties and incidentallh 


minus sign means stress in compression, 


practical pre-compression fixture for stressing 
hat stiffeners in long lengths. Figure 8 shows 
one such pre-compression jig. Between two end 
brackets on a very sturdy I-beam was placed 
the 120-in. long hat specimen, well protected 
igainst lateral buckling and local failure by 


i 
greased wooden blocks, and loaded with a 
calibrated hydraulic ram. Space was left 
between each pair of wood segments and at each 
outer end to provide for the shortening of the 
specimen during pre-compression. The wood 
blocks could move parallel to the applied load 
since they were supported and held down by 
steel rollers. 

Some of the results are shown in Table 3. 
Pre-compression to 60,000 psi. caused no change 
in the compression ultimate of rolled 24S-T 
alclad hats when measured on 5-in. long double- 
hat columns cut and fabricated therefrom. The 
vield point was raised 15‘. and the proportional 
elastic limit 20%. Note, too, how uniform are 
the stresses obtained from samples taken at the 
centers of each of the $1-in. wood guides, where 
the friction loss would be expected to cause the 
greatest reduction pre-compression effect. 
This uniformity was not accidental, however, 
since many preliminary tests were made to dis- 
cover how to reduce the friction to a minimum 
and to find the torque to be applied to each hold- 
down bolt. 

Pre-compression increases the average com- 
pressive vield point in 24S-T extrusions (Table 
3, lower portion) by 14°%, and the proportional 
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less tension loss. 


Practical Application to Aircraft 


Now what can be done in applying th 
findings of this research to our pressing produc- 
tion problems? That the pre-stretching of 21S-! 
and 24S-T alclad drawn and rolled sections is 
practical is attested by the fact that Consolidated 
Aircraft Corp. is using 3!.‘c pre-stretch on stifl- 
eners and drawn spar flange angles on ove! 
half of the current production contracts, and 
will probably increase its use as new aircral! 
models replace those designed for extrusions. 

The increase of the pre-stretch above 3!» 
permanent set does not seem to be justified, fo! 
three reasons: 

1. The major increase in structural prop- 
erties occurs early in the plastic range. 

2. The higher the pre-stretch, the lowe! 
will be the residual elongation available 


accommodate possible stress concentrations anc 


dynamic loads. 

3. The higher the pre-stretch, the mor 
material rejected, since slight surface irregt 
larities and edge saw cuts or shear marks for 


stress raisers and cause premature tensi fail- 

ure during the pre-stretching operation. 
Pre-compression of aircraft structura) met! 
bers is not vet practical, in the author's cstime 
tion. More possibilities are offered in the ©ollins 
to shape of 24S strip stock in the heat ‘realee 
Wits 


and pre-stretched condition, thereby 
for the necessary spring-back and elin 
(Continued on page 88) 
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CRITICAL 


POINTS 


by the editor 


ISCUSSING with JosepH Dantes, professor 
D { mining engineering and metallurgy at 
the University of Washington, the chances that 
» larve metallurgical industry could be built on 
the West Coast — especially in his own North- 
west. (This was before the recent offer by 
Columbia Steel Co., Colorado Fuel & Iron Corp., 
and Bethlehem Steel Co. to expand their furnace 
and mill capacities at Los Angeles, Pueblo, 
Provo, and San Francisco by a million and a 
half tons of steel ingots 
annually expansion 
to help take care 


An Hectro- 

Metallurgical of 75% 
Industry for of the Coast’s shipbuilding 
the Northwest and other defense efforts. 
In fact, the two events had 
no relationship.) Pacific coast openhearths 
depend largely on scrap, melting as much as 3 
ions per ton of pig iron in comparison to the 
| to l ratio for the rest of the country. At pres- 
ent the whole region is drained of scrap, so any 
large steel industry in the Pacific Northwest, at 
least, would have to base on pig iron, locally 
smelted if possible. .... DANIELS called inaccu- 
rate the oft-repeated statement that the region 
las no coking coal; there is plenty of coking coal 
but it is higher in ash than eastern coals 

reducible by washing at the expense of yield, 
making the problem one of economics, to bal- 
ance against cost of fluxing the ash in the blast 
furnace, 


However, fuel is available; usable 
coke has been and can be-made. From 1880 to 
N37 beehive and byproduct ovens supplied this 
state with coke for every use except electro- 
metallurgical. .... Iron ore deposits are numer- 
ous bul probably small, not suitable to a big 
operation; the ore could be brought from large 


mines in Wyoming or Utah over existing rail- 
roads How operating below capacity — or pref- 
erably shipped from Chile where most of our 
Mpored ore now comes from... . The exist- 
ener large amounts of hydro-electric power 
drastically alters the metallurgical possibilities. 


A la iluminum plant is even now operating 


on Bonneville power. Why not use another 
block of it for magnesium, with Puget Sound as 
the “mine”? Chromite and tungsten from the 
Sierras, the orient, and the countries to the 
south of us could pause here long enough to be 
smelted into ferro. Raw materials for ferro- 
silicon are available anywhere there is power. 
Professor Dante_s also suggests a quality iron 
industry based on Swedish electro-smelting 
practices, using local ores cr magnetite from 
Utah, coke from Washington coals, and power 
from the rivers. (Wood distillation has never 
been practiced out there, where lumbering 
wastes are burned to get rid of them. Why, I 
don’t know — probably & and ¢. Perhaps it is 
dangerous to draw a parallel, but for every 
$4.10 ton of coke made in America in 1939 the 
ovens sold $3.25 worth of byproducts.) 


Inspecrep California Institute of Technology 
at Pasadena with DonaLp CLark, assistant pro- 
fessor of mechanical engineering, and much 
impressed with the various aspects of sound 
technical education there observed. Among 
these are small sections in each class; high pro- 
portion of graduate students to undergraduates; 
comfortable housing for students; buildings and 
laboratories of recent construction in a beautiful 
setting, architecturally harmonious; the coex- 
istence of faculties in humanities, pure science 
and technology; and active and successful 

research work by the teaching 
High Grade siafl..... Examples of the lat- 


Teaching ter are shops large enough to 
& Research construct portions of the great 


200-in. telescope for Mt. Palo- 
mar and the three-vear job of grinding the 
principal reflectors, the aeronautical laboratory 
which is more than self-supporting from its 
wind tunnel work, and the hydraulic laboratory 
which perfected designs of pumps for the aque- 
duct from Colorado River representing savings 
of $1,400,000 in construction costs and $120,000 
in annual power bills. Crark, who is in charge 
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of physical metallurgy at the Institute, has com- 
pleted a long research into high velocity impact 
sponsored by numerous metal producing and 
using firms scattered over the United States; in 
his equipment the forces absorbed during 
impact and the instantaneous length changes 
are measured by changes in electrical resistance 
in coils attached to the specimen and recorded 
on a cathode-ray oscillograph. These experi- 
ments show that steels do not lose practically 
all their resistance at speeds of 200 ft. per sec., 
a result contrary to some earlier experiments at 
Watertown Arsenal with equipment of quite 
different design..... Another of his interesting 
special devices records photographically the 
thermal transformations and the corresponding 
dilation of metal specimens during heating and 
cooling cycles at any desired rate; the furnace 
and photographic controls are entirely auto- 
matic — just set the apparatus going and 24 hr. 
later come back and develop the film. Painless 
research, what? 


Driven by Te_rer NorMan, over fine auto 
roads and utterly indescribable mountains, 
through relics of such historic Colorado towns 
as Idaho Springs, Georgetown, Silver Plume, 
Dillon and Kokomo, the once-rich silver mining 
region, over Loveland Pass and its snow squalls 
to Climax where the molybdenum comes from. 
Shades of the pioneering Leadville miners, what 
a mining camp! Atop the Continental divide, 

steam heated and electrified with 


Mining such refinements as an automatic 
solarium, where workmen step 

amp 
die Lane from shower to a moving platform 


carrying them slowly past a bat- 
tery of ultra-violet lights... ..Arrive, oh ye wel- 
come visitor, before lunch time at the mess hall, 
but make not the social error of calling spuds 
“potatoes”. Lunches are put up for those who 
must carry them at an overloaded sideboard, 
the only limitation apparently being the capac- 
itv of the commodious paper bag. But to things 
more metallurgical 


CLIMAX MOLYBDENUM Co.’s ore deposit, 
which had been located time and again before 
the turn of the century but never worked 
because the mineral was either unknown or 
unwanted, is a huge vertical cylinder of frac- 
tured granite about half a mile in diameter 
with a conical core of lean ground. The Phillip- 
son tunnel, named after the company’s late 
president, penetrates the side of Mount Bartlett 


and serves as the main haulage way. abov 
which the ore is caved down, 35 years’ ipph 
at the present mining rate of 13,000 ton. daily 
Below this level, 25 years’ more ore (04 |. (7° 
MoS.) has been proved by diamond dril|.. 
As explained by E. J. DugGan, mill supe: intep. 
dent, molybdenite (MoS,) is one of the casies 
minerals to float, a particle of rock rising jy thy 
froth of a flotation cell if only the tiniest spec} 
of sulphide is laid bare. For that reason a cop. 
centration of 25 to 1 can be made on ore crushed 
no finer than through a 28-mesh screen, and 

only the float (now contain. 


27,500,000 ing 12% MoS.) need }y 
Pounds of finely ground..... Final con- 


centration to 90% MoS, js 
done in three successiy 


Molybdenum 


per Year 
stages of grinding and flota- 


tion, the feed going to the flotation cells being 
progressively finer and richer. Since the on 
contains about four times as much pyrite (FeS.) 
as molybdenite—and 0.02% copper, jus! 
enough to be a nuisance — these other sulphides 
must be “depressed” while the values are float 
ing; a little cvanide added to the oily pulp does 
the trick. The final black froth is as thick as 
whipped cream; water is sucked out of it and 
then it goes through a Lowden drier (a glorified 
hot plate), and is bagged for shipment 
About 6 Ib. of molybdenum is recovered fron 
‘ach ton of ore, making the yearly productio: 
of Climax at the present rate some 27!4 milhio: 
pounds (14,000 tons) of metal. Since half of th 
concentrate was exported prior to the blockade, 
American utilization of this entire tonnag 
requires extensive additions to the roasters ané 
electric furnaces for converting the sulphid 
into ferro (now done at Langeloth, Pa.). 


Anoruer distinction held by Climax is tl 
possession of a metallurgist to check receip!s 
of metals and study their performance in mit 
and mill — a useful employee, judging from |! 
fact that one third of all incoming supplies at 
metallic. Harotp Brackett described 
researches on grinding materials. Forged an¢ 
heat treated balls, 3 in. diameter, are bought )) 
the car load. The present standard is made ©! 
0.80% C, 0.25% Mo, 0.70% Mn steel, wale! 
quenched to a martensitic shell about 660 rin 
hard; its hardenability is such that in t's 5! 
the center hardness is about 450. Some > dl 


ferent commercial or experimental analy °s 2" 
ul 


treatments have been tested, not by 
100 tons of each in a 6-months’ camp: 
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as follows: Two dozen new 


Beti Steel balls of each lot are deeply 
Ball for marked by drilling or grooy- 


Grier ing Ore ing in a simple but distince- 
tive pattern, as well as a 
number of new balls of the standard, 
se marked balls are then added to the 
one of the regular ball mills. At the 
a week’s run the mill is shut down, 
dumped, the marked balls recovered and segre- 
sated, and their merit numbers determined by 


ana 


end 


weieht loss. Tentative results secured to date 
include these: “Standard” balls from approved 
vendors vary no more than 5%, shipment to 
shipment, and less than that, ball to ball; some 
commercial grinding balls tested have shown 
only half the durability of the “standard”; the 
durability when grinding this quartzose ore is 
not directly related to the hardness of the 
crinding materials; the lowest cost is probably 
secured from deep hardened balls but little 
softer at center than at the surface. 


Our ro BuRNHAM sHops, near Denver, to 
visit Ray McBrian, engineer of tests for Denver 
& Rio Grande Western Railroad (“The Scenic 
Railroad of the World” — and that’s no adver- 
lising man’s blurb, either!). Five years or so 
ago he sold the management on the need for 
magnaflux inspection of some 30 vital locomo- 
live parts on every monthly overhaul on every 
engine. The iron-clad rule was laid down: 
“Nothing runs with a crack.” In the first six 
months 19 cracked siderods were sent in to the 
laboratory for study; in the second year 59. 
[his was serious enough to warrant a complete 
research on transparent models under polarized 
light, and to change the design to eliminate 
stress concentrations. The next year 28 side- 
rods were removed (and the scratches filed out 
or the piece scrapped); next year 12, and this 
year to date only four rods have been received 
Similar examination and improve- 
iment of other engine forgings have reduced the 


for study. 


number of engine failures on the road to where 
itis now one of the lowest for all Class I rail- 
roads. (Small wonder the test department and 
ils laboratory is moving into a much larger 


building!) E. A. West, general manager of the 
railway, strongly believes that all dead motive 
power and car equipment resurrected for serv- 
ice in this emergency be closely examined for 
INCI | fatigue cracks, else breakdowns on the 
road ill cause more delay and trouble than 
Sood McBrian has also given much attention 


to failures in crown sheets and staybolts, which 
have become epidemic in all modern high pres- 
sure locomotives. Momentary temperature and 
pressure variations cause “breathing” move- 
ments, overstressing the fire side of the crown 
sheets, always slightly decarburized and there- 
fore having a_ lower 
One Railroad fatigue resistance. For 
Where “Nothing (‘is reason cracking starts 
Runs With from sharp rivet-hole cor- 
ners. A further complica- 
tion is the aging of the low 
carbon steel; originally the yield at 0.2% set is 
60° of the ultimate, but after use it rises to 
80° and so reduces the amount of ductile action 
the sheet can stand during a sudden overload- 
ing emergency. Rimming steel is the worst 
offender in this respect, and is prohibited by 
D. & R. G. specifications. Pending the discovery 
of a non-aging steel, McBrian now specifies a 
0.50% Mo steel of fire-box quality; the molyb- 
denum — although of small solubility in ferrite 
enhances the fatigue resistance of the decar- 
burized skin so that it cracks much less readily. 
Its strength at 1585° F. is also 13,400 psi., as 
compared to 5600 psi. for plain carbon fire-box 
steel at the same operating temperature..... 
P.S. Here’s an addition and a correction for the 
@ Metals Handbook, page 461, on “Alloy 
Wrought Iron”. Wrought iron staybolts con- 
taining 0.50% molybdenum made by Penn Iron 
and Steel Co., when tested at 1000° F., have a 
vield at 0.2% set of 20,800 psi. and an ultimate 
strength of 33,800, 
under the same conditions has 12,200 psi. vield 
at 0.2% set and 18,700 ultimate. 


Ordinary wrought iron 


REFERRING to the item printed in this depart- 
ment in April, headed “Deferment of Draftees 
Necessary for Production”, it may now be stated 
that an enlisted man (not a reserve oflicer or 
a Naval rating) who was a key employee in 

necessary industry may 
Release of Key now be discharged from 
Employees 
From the he resumes his civilian 
employment immediately. 


active service on condition 


National Army 

The application for dis- 
charge must be initiated and executed under 
oath by the responsible head of the employing 
firm. Full information about correct procedure 
is contained in a statement of War Department 
policy regarding discharge of selectees from 
active service, issued by the Under-Secretary 
of War on May 25, 1941. 
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SAUVE EDALIST 


Walter T. Cocker 


Fie | Adolph Wilhelm Machlet 


} Chosen by the Committee of Past Presidents, American Society for Metals, to receive th: 


Sauveur Achievement Award at the 1940 Convention, in recognition of his “many in 
® of processes and apparati which have very markedly accelerated progress and 


ment in the metallurgical field, and have been of public benefit because of their increased 
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MACHLE 


EVENTY YEARS AGO, Georce W. Macuer, 
manufacturer of jeweler’s supplies, left 
Germany to emigrate to Newark, New Jersey, 
then the center of the jewelry industry in Amer- 
ica. With him he brought three sons. He set- 
led on an acre of ground in the outskirts of 
Elizabeth, and in due time built a home, two- 
storied and high-ceilinged, comfortable and 
roomy. Eventually his sons entered his busi- 
ness, but his second son Apotpnu, the subject of 
this biographical appreciation, was more inter- 
ested in the birds and bugs and flowers in the 
orchards around about. This first love still 
burns — the entrance to his office looks more 
like a conservatory than an office corridor, and 
MaAcHLet, now patriarch of 
the American Gas Furnace Co., makes constant 
allusions to botanical subjects and ever seeks 
relationships between man-made mechanisms 
and God-made organisms. 

He now is the embodiment of the homely 
business virtue of making things as honestly, 
as good and as sturdily as he can. “Plant well, 
and let the oak tree grow,” is his motto. Good 
goods are bound to make a little money. His 
company is a literal example of Emerson's 
ouse-trap maker in the woods, for the factory 


buill in the side yard of a country home now 
faces the super-highway carrying New York 
trafic to the South. 

‘he whole thing springs from some trouble 
the elder Macuier (together with other manu- 
fa rs in the jewelry trade of the day) were 
ha with variable gas flames. Bunsen burners 


vere “iwayvs used, and as every chemistry stu- 
cit lows, the air for combustion is aspirated 


into the fixture by the passage of the gas. In 
those days the city gas was led to the work 
benches in small lead pipes, easily dented if 
accidentally struck, whereupon the gas flow 
would be cut and the burner would not deliver 
the heat. Macurer, Sr., decided to reverse the 
process — bring air to the burner at moderate 
but constant pressure and let the air draw in its 
proper amount of gas. 

The idea was a good one, as proved by the 
fact that this principle now underlies practically 
all industrial gas heating devices, but it took 
ten to 15 vears to convince any of the big jewelry 
firms that it would make a better melting flame 
than coke or charcoal-fired furnaces. Mean- 
while the family business, tools for jewelers, 
paid for experiments and perfection of equip- 
ment. At this stage George W. Macuer, jointly 
with Major Eowarp P. founded the 
American Gas Furnace Co. Mr. Macuter recalls 
that “Everything had to be developed new. The 
Roots blowers gave an air blast too pulsating; 
we had to manufacture our own blower. We 
determined the best lines for the Venturi gas- 
air mixer by blowing air through tobacco smoke. 
A zero-pressure gas regulator had to be devised. 
There were not even gas lines out as far as our 
house for vears. We three sons were close to 
our father, and we would experiment, consider 
and discuss the results for long evenings, and 
then plan others.” The first’ milestone was 
passed when the new gas burners got Uncle 
Sam's approval, and the New York Assay Office 
installed them for melting bullion. 

It was only natural to extend the gas heat 
from Machlet burners to the hardening of jewel- 
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er’s tools in the family business. However, most 
smiths thought their forges were good enough. 
“It costs too much” was the common objection 
fo a muffle furnace. A minor triumph was 
achieved when Frep J. Mircer, editor of Ameri- 
can Machinist, printed an article about some 
cutters hardened in a gas-fired furnace, and pro- 
nounced them excellent. Gradually good 
business in commercial heat treating was 
acquired, and in 1907 the American Metal Treat- 
ment Co. was organized and installed in an 
empty building a quarter of a mile away. J. W. 
JOHNSON, president of Johnson and Johnson (the 
New Brunswick manufacturers of surgical sup- 
plies, but then the owner of “Neverslip calks”, 
and good customers) was the financial angel, 
and great was the temerity of anyone to venture 
capital in new businesses during the financial 
panic of 1907, 

Young MACHLeET had long since 
devoted all his time to the furnace business. 
The heat treating end was especially fascinating. 
Carbonaceous gas seemed to be the almost vital 
organic link connecting all the mechanical 
actions he was observing. He coul! dimly sense 
enormous hidden possibilities. It was clear that 
gas was the essential medium for caseharden- 
ing, even though the steel parts were packed in 
bone and charcoal. Why not do it with gas 
alone? 

At about this time (1906) several good fur- 
nace customers were having carburizing trou- 
bles, and parts were shipped to Elizabeth for 
treatment. Some were pack hardened in the 
conventional way; others, to test the gas car- 
burizing idea, were heated in a container with 
city gas only. It worked so well that process 
patents were obtained in 1907. However, it was 
accepted by industry very slowly. The practical 
results were erratic. Even in Elizabeth, the 
process suddenly became inoperative for a mys- 
terious reason, eventually found to be a new gas 
house ihat didn’t scrub the sulphur compounds 
out of the gas delivered. (Likewise high sulphur 
screw stock would not caseharden.) This was 
a real handicap, although sulphur in the gas 
was removed by bubbling it through chloroform. 
This brought in the possibility of adding things 
to city gas, especially its dilution with inert 
materials to prevent sooting in the container, 
the addition of ammonia—the basis of the 
modern “Ni-carb” process — both processes 
patented in 1908, and the use of methane, butane 
and other hydrocarbon gases in place of city or 


preducer gas. 


Nitriding was also discovered the 
Sauveur medalist at about the same time. \Vhe, 


ammonia was part of the gas mixtures th. pap. 
came out too hard to machine; howe) th 
method was abandoned by Pratt & Witney 


where it was tried commercially, because eces. 
sary parts could not be softened by anne 
Another handicap was that ammonia cos! 25¢ » 


lb. Nevertheless, the basic nitriding process 
patent, applied for in 1908, was issued in 1913. 


and disclosed the principles that have neve 
been changed. On account of the white, rus; 
resisting surface of the nitrided parts, and to 
enhance the secrecy then thought so essentia! 
for metallurgical improvements, the articles 
were said to have a “hard nickel plate”. 

Unfortunately the attorney who wrote th 
patent specifications failed to include “alloy 
steel” in his category of items hardenable wit) 
ammonia (nitrogen) without quenching. Her 
an American inventor was a generation ahead 
of his time; little attention was given to th 
nitriding process for 15 years when it was 
imported from abroad, its use attached to a 
complex alloy steel. To the discredit of the 
its 1929 Nitriding Symposium made only on 
six-line mention of ApoLpPH MAcHLer, the orig- 
inator, while it recognized the men who late: 
adapted it to alloy steel— Apo_pn Fry, th 
German, and Prerre Ausert, the Frenchman 
as Honorary Vice-Chairmen. 

This account pays more attention to th 
tribulations of the early days than the business 
successes of the later ones, but in all this time 
a continual stream of patents was issued on gas 
burners and control equipment, heating fur- 
naces, and heat treating processes. These prov 
the versatility of the man, 
Macuier, and would as a group warrant thi 
honors that have now been bestowed on /iim. 
over and above those two fundamental dis- 
coveries of gas carburizing and of nitrid 
hardening. Still vigorously investigating |! 
relationship between carbonaceous gases, !11lf0- 
gen, metal, carbides and oxides, MACHLET's pres 
ent experimentation runs toward the direc! 
reduction of iron ore —a matter that has fas 
cinated other keen minds. With charactcrist 


originality he looks beyond the mere recovers 
of high grade metal from pure ore, or the rco’ 
ery of metal alloys from mixed metallic 0» “es 


to the possibility of alloys of iron and nitroce! 
excessively hard from surface to center, 


duced from iron sponge properly reduce: 28¢ 
then nitrided before agglomeration. 0 
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WATSON, THE MICRO’ 


w rat Lroke 
this 


eee of ali sorts, police as well as 
metallurgical, are almost always called 
upon to ferret out the cause of some single, 
surprising happening, contrary to the laws of 
legislatures or of mechanics. Such crimes 
against society and against nature doubtless 
follow a pattern; each has broad similarity to 
others on record; yet each has a novelty (some- 
limes macabre) that makes it interesting even 
lo the readers of such stories as these. 

Contrary to the instances of the above type, 
briefly described in this magazine in March and 
in May, the metallurgical detective now turns 
his attention to recurring troubles in 


V. The Epidemic of Broken Shafts 


Rods, 1%, in. diameter of S.A.E. 3140 steel 
(1.25) Ni, 0.60% Cr, 0.40% C), heat treated to 
a Brinell hardness of 240, should have sufficient 
strength for a high factor of safety when 
employed as shafts of rotating generator equip- 
ment. Yet at periodic and fairly frequent inter- 


vals, fractures of this material come around to 
the laboratory implicitly tagged “Why?” The 
failures were always of the fatigue type, show- 


vave markings where a crack had been 
'y propagated across most of the section, 
t] ' final area was of normal failure by ten- 
ind bending. 

1 many of these cases the metal and 
d ' were both fully acceptable, but a lack 


By R. M. Brick 


Instructor in Metallurgy 
Yale [ Iniversity 


Ny w Haven ( mi 


of dynamic balance probably resulted in exces- 
sive vibration with correspondingly high fatigue 
stresses. Design does not in general seem to be 
faulty; at the point where many failures occur, 
there is a change in section from 2 in. to 144 in., 
but the potential notch is eliminated by a gen- 
erous radius, a fillet of 44 in., rounding out the 
bottom. A keyway at the end also has rounded 
off inside corners, and thread cuts in this sec- 
tion are provided with rounded bases. The 
machined surfaces have not been polished, but 
in general show good finishes with no obvious 
deep tool cuts or similar imperfections that 
might start a crack. 

In investigating these failures, a plane 
parallel to the axis of the rod was always pol- 
ished, examined at 100 diameters magnification, 
and the number of inclusions in various size 
ranges counted. This “dirtiness” rating is decid- 
edly variable; some of the older steels, rods in 
service 8 to 10 years, show numerous fairly 
large inclusions, 0.0075 to 0.0125 in. long, and 
internal cracks in their vicinity suggest they 
may have initiated the failure. In most cases, 
however, inclusions do not appear to be pri- 
marily responsible. 

Etched microstructures have been quite 
variable for supposedly uniformly heat treated 
steel; grain sizes from very coarse, No. 1, to 
very fine, No. 8, have been found. Sometimes 
the micro shows pearlite with a ferrite network 
outlining the austenitic grain size (an annealed 
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structure); other times 
a uniform moderately 
coarse sorbitic structure 
with no free ferrite is 
visible (apparently nor- 
malized and drawn). It 
has been noted that the 
relative percentage of 
fatigue failure areas 
and normal failure 
areas in the fracture 

that the 


between the smooth, 


is, ratio 
wavy-marked area and 
the section broken sud- Fig. 1 


denly — is related to the 


grain size. Coarse- until 90% 
grained steels are more 

brittle and generally break when the fatigue 
crack has progressed across only 10 to 25% 
of the cross-section, whereas the tougher, fine- 
grained steels may hold on until the fatigue 
crack occupies 95‘. of the section. This is the 
situation shown in Fig. 1. 

This lengthy introduction is in effect a con- 
fession that the microscope seldom can iden- 
tify positively the cause of a fatigue failure. 
This microscopist was therefore delighted to 
get one case which was clearly defined. 

Examination of the fracture in the shaft in 
question disclosed numerous cracks around the 
keyway, and these had spread under fatigue 
the 
when the remainder suddenly broke by normal 


stresses until they covered half of shaft 


failure under overstress. 
The section was cut in half, through the 


Fig. 2 


of Section 


Fatigue Failure in Shaft; Full Size. 
Fine-grained nickel-chromium steel held on 
of the cross-section had failed 


Micro, at 12 Diameters, 


to Axis of the Shaft 


keyway, and a surfac iral- 
lel to the axis of t) 
metallo 


It was obvio 


shaft 


was given a phic 
polish. 
ing polishing that the mate. 


rial had been welded 4 the 


dur- 


keyway and hence no jnely. 
The 
the 
structure very 


sion count was mad: 


nital etch brought « 
welded 


sharply and the pholomac- 


rograph Fig. 2 was taken to 
show the details. 

The bottom 
the keyway is at the top of 
this picture. Slightly below 
this surface a sharply defined 
marked A 


surface of 


line is observed 
This represents the junction of a second weld 
with a previous weld deposit. A line of oxid 
along the junction plus the straightness of this 
junction shows that the second weld was very 
poor, with no proper interpenetration of th 
two deposits. 

Apparently what happened was that the 
keyway had become oversize and a workman. 
probably under the guidance of an economy- 
minded foreman, had welded it once, cut i! 
oversize, and then welded it again to correct th 
error in machining. 

The metal in the first weld deposit is in the 
A and B (Fig. 1). 


Although some blow- 


area between 


Transverse 
E to D is cylindrical 
of the shaft; E tol 
keyway with round 


Parallel 
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pores are evident, this was a_ better 
ice no straight line of demarcation is 
etween the weld and the base metal 
a near B shows some carbon diffusion 
ise metal into the weld metal (a low 
steel) which diffusion evidently had 
d during the heating from the second 
operation. 

om line B to line C, the structure of the 
etal has been affected by the heat of both 
ig operations. The first weid heated this 
al above the critical temperature; rapid 
ig by the flow of heat into the cold shaft 
below produced a martensitic structure. The 
second weld was too far away to heat the metal 
above the critical, but it did temper the mar- 
tensile. 
S.A. 3140 steel, also shows a sharp crack in 
the center of the micro. The crack could readily 


This same zone, basically of hardened 


have been produced entirely by the thermal 
stresses accompanying the heating and cooling 
of the welding operation. 

Below C, the original metal shows up with 
no marked structural change although there is 
a slight etching effect caused by heat at this 
depth. This base metal had a considerably 
coarser grain, A.S.T.M. No, 3, than is considered 
desirable, but this was certainly not the cause of 
failure. 

Figure 3 was taken at right angles to Fig. 
2, transverse to the rod axis and through one 
side of the keyway. The same zones are repro- 
duced in this section although here the sec- 
ond, outside weld deposit is wider and thus 
more clearly defined. The outside cylindrical 
surface of the shaft extends from D to E and 
the keyway cut is from E to F. It is evident 
that the second weld, made to correct an error 
of some sort, covers the entire keyway and 
extends slightly beyond the edge of it. 

“I conclude, Watson”, said the metallurgi- 


cal 


detective, “that thermal stresses from the 
Welding operation formed the cracks in the heat 
affected zone of the alloy steel shaft. These 
ks could be readily propagated by nor- 
‘ly harmless fatigue stresses. Welding of 
steels should of course be forbidden in 
whose workmen are as careless as these 
utly were. If it is absolutely necessary to 
this steel, the only procedure which would 
in a safe condition subsequently would 
preheat the shaft to at least 500° F. before 
ig and to give the complete shaft a stress 
inneal immediately afterwards at a mini- 


f 1150° 


STRATEGIC METALS 
from low grade American ores 


UCH WORK IS BEING DONE by the U. S. 

Bureau of Mines on the recovery of strategic 
metals, particularly by electrical means, from 
domestic ores existing in the regions surrounding 
the large western hydro-electric developments 
where cheap power is available. The following 
notes on this work are taken from the Bureau's 
Annual Report for 1940, recently issued: 

Manganese — The electrolytic process devel- 
oped in 1936 by the electrometallurgical section of 
the Bureau is in commercial operation at Knox- 
ville, Tenn. Recent work is designed to improve 
this process. In normal operation of this cell, the 
accumulation of manganese metal at the cathode 
is accompanied by the formation of 40 to 55% as 
much oxide at the anode. Experiments have been 
made on the use of separate anolyte and catholyte 
circuits, anode coatings or coverings, and special 
alloy anodes. The second line of attack mentioned 
offers the best possibilities, and of many materials 
tried, canvas-duck diaphragms are as good as any. 
The exact function of the anode covering is not well 
understood, at present 

Chromium 
have too low a chromium-iron ratio to produce 


Domestic chrome ores generally 


standard ferrochromium. The problem is to raise 
the ratio somehow or else to produce pure chro- 
mium. Several methods of attack were followed: 
(1) Electrolysis in fused baths, which offered no 
practical solution, (2) electrolysis in aqueous baths, 
(3) matte smelting, and (4) electrothermal smelting. 

Extensive studies of methods used in the 
Orford nickel process showed that the chromium 
could not be concentrated in mattes. Encouraging 
results, however, have resulted from activities in 
the second category mentioned, pursuing the idea 
that electrolysis of trivalent chromium salts should 
give at least twice the 20° current efliciency nor- 
mally found in commercial plating from chromic 
acid baths. It was found that chromium can be 
extracted rapidly and efficiently (97°) from the 
abundant Montana chrome ores by dissolution 
with sulphuric acid in the presence of manganese 
dioxide. Considerable successful effort is being 
spent on purification of this leach liquor. Its clee- 
trolysis, using insoluble anodes, has been worked 
out to a point that electrolytic chromium has been 
produced from trivalent chromium salts at current 
It is believed that 45° 


could be attained on a commercial scale, which is 


efficiencies as high as 


much better than in a standard chromic acid plat- 
ing bath. Electrolytic chromium is well on its way 


toward practical realization. (Cont. on p. 110) 
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NSP 


as to its 


composition 


T IS A COMMONPLACE to say that the 

inspector must make sure that the metal 
tendered meets the specification as to chemical 
composition. There is no substitute for quanti- 
tative chemical analysis, to be made on a repre- 
sentative sample by competent analysts. The 
matter of “representative sample” is where the 
inspector comes in, and some remarks about 
proper procedure in taking it will be in order. 
There are also numerous less precise indica- 
tions that advertise the general nature of a steel 
as it reacts to various fabricating processes, 
and it is well to describe them since the watch- 
ful workman and inspector can often cull out 
tramp pieces of metal of proper size but incor- 


rect analysis. 


Taking a Proper Sample 


If it is so specified a suitable sample must 
be obtained and forwarded to the proper lab- 
oratory for analysis. 

The object from which the sample is taken 
should be cleaned of scale, coatings, oil or 
grease, or any other outside adhering material 
so that the metal itself will be clean. Grease, 
oil and some lubricating coatings can be 
removed with solvents (carbon tetrachloride or 
light solvent being convenient) but the final 
cleaning is preferably a dip in hot dilute hydro- 


By Harry B. Pulsifer 
Metallurgical Engineer 
Cleve la \) 


chlorie acid solution to rid the surface of scale, 
rust, lime, or carbonaceous compounds. — The 
material is then rinsed, dried, and taken to th: 
milling machine where the sampler takes 
enough cuts across the entire cross section to 
accumulate a two-ounce sample of fine chips. 

The milling machine should be clean about 
the cutters and collecting scoop, the cutters be 
sharp, and the feed so regulated that the meta! 
isnot burnt. An inspector is at liberty to choose 
his samples and see that the millings from th 
samples are put in the packets which he for- 
wards, properly labelled, to his laboratory. |! 
is the inspector’s responsibility to see that th 
sample put in his packet comes from the pieces 
he originally selected or stamped. 

Care should be taken to see that the sample. 


if possible, represents the material its 
entirety. This is done by milling across tl 
entire section. Samples taken largely from @ 
surface, or from a core, or from one edge, ma) 


be misleading. Wide strip can be folded upon 
itself into a tight pad which is then m iecé 
across its end in the machine. 


Rapid Indicators 


Since the returns from the chemical la) ' 
tory may require several hours or even 
there are a variety of rapid qualitative > 
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be used to identify the material. At 
nes it is advisable to check the uniform- 
lot of objects; then rapid testing is very 
e. These rapid tests involve many prop- 
‘ materials and new tests are added from 
tin time. Some of the more convenient ones 
ent use will now be briefly described. 
Bend Test — For many smaller objects, 
r yngated ones such as rods, wire and strip 
sti he material may be bent upon itself or 
ab , radius, such as its own diameter. Since 
the inspector is presumed to know the way in 

the specified material should bend, he 
ipidly check its conformity to type. 
thus, soft and annealed material should 
bend upon itself without cracking. Even high 
carbon steel in good forming condition may be 


wh 


cau 


Any steel with a hard surface, or even thin 
skin of harder nature, bends with surface crack- 
ing. This is a very important condition to note. 
Surfaces damaged by sulphur-bearing gases dur- 
ing the manufacture of the steel crack abun- 
dantly on bending. Surfaces that are rough, 
pitted, chattered or even minutely imperfect 
cannot be expected to bend properly. 

Hardness After Quenching — An excellent 
way to check the composition of steel is to water 
quench a small and preferably thin sample and 
determine its hardness. A pan of water is 
placed at the furnace door and the small piece 
at the proper hardening temperature is quickly 
flipped into the quench. Steels with 0.60°. car- 
bon and up should harden from 1450° F., steels 
with 0.30 to 0.60 carbon should harden from 

1500° F. and the lower carbon steels 
from around 1600° F, (This temper- 


welcomed by the Ordnance Dept., L. S. 


which this article is a part) will be ready on 


\ immediate shortage of skilled inspectors for 
the Government defense program led many & 
Chapters to present lecture courses on the elements 
of metal inspection — courses that were attended lit- 


The Board of Trustees & therefore authorized the 
production and sale of such a book at cost, as one 
of the Society’s contributions to the national effort. 
The services of Harry B. Pulsifer were retained as 
author, and the handbook on steel inspection (of 
fugust 
first. Mr. Pulsifer has had years of experience in 


ature required for hardening is in 
itself a means of distinguishing 
steel, as will be shown in more 
detail later.) By referring to a chart 
showing quench hardness vs. car- 
bon content, such as the one by 


erally by thousands of men. It became apparent Burns, Moore and Archer repro- 
that a small text on the practical aspects of inspec- 
tion would be very useful, and such a project was 
irmy. can be approximated. No matter 


duced in Merat ProGress for June 
1941, page 722, the carbon content 


what the alloy content, low carbon 
steels cannot show the hardness of 
high carbon steels, nor can high 
carbon steels fail to harden except 
in most unusual cases. Maximum 
hardness after quenching is about: 


CARBON CONTENT RocK WELL HARDNESS 


expected to take this test. If it will not, the 
tature of the deficiency can be traced by hard- 
less tests, micro-sections or sulphur prints. 
lectric and openhearth steels are much 
. plastic than bessemer steel and bend far 
Medium and high carbon steels with 
rhide present as pearlite bend rather 
So that lack of plasticity may be the 
{ the heat treatment rather than off- 
sition. 


July, 1941; 


the production of quality steel with American Steel 0.09 C-30 

& Wire Co.. and with its use as metallurgist for 0.15 ry 
lL erry Cap & Set Screw Co. His clear presentation of 0.20 C49 
many items seldom seen in print is also influenced 0.25 C-93 

by his former experience as a college instructor. 0.35 C.59 
oe? 

0.40 C-61 

0.50 C-64 

0.60 and above C-66 


The Spark Test — One of the quickest tests 
for composition, and one that is extremely valu- 
able, is to hold a piece of the metal in question 
against a fine grinding wheel at speed and watch 
the nature of the sparks. Pure iron gives long 
streamers with few spurts or forks; the forking 
of the streamers begins to be pronounced with 
0.15°° carbon; compound forking or flowering 
bursts are in evidence with 0.45% carbon while 
0.95° carbon toolsteel gives brilliantly clus- 
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tered bursts. Many laboratories have standard the core of a casehardened piece the an -aleq 
carbon test wires, increasing by 0.05‘. steps sample can be put in a lathe and the oute lave; 
from carbonless iron to 0.70% carbon, as well turned off. The crisp and brittle chips ge 
as the other common alloy steels, available for to one long and endless chip as the soft « sre jx 
comparison so that various materials can be reached. This method of differentiatio. ang 
identified without difficulty. segregation is sometimes preferable to d+ |ling 
Much information on the spark test is con- out the core, for the separation of the outer 
tained in an article of that tithe in @ Metals carburized zone is demonstrably certai: 
Handbook, 1939 Edition, page 773. Diagrams The “machinability rating” of a stec! cay 


showing the characteristic sparks are shown in be checked by a power hack saw cul, if the 


a Data Sheet in October 1910 Mera ProaGress, blade cuts cleanly without rubbing on the stock 
page 386-A, The adjoining table is reproduced The cutting time decreases as the machinabji- 
from the latter source. itv increases. 
Characteristics of Spark Stream From Representative Alloys 
- VOLUME OF LENGTH OF COLOR OF STREAM QUANTITY OF NATURE 01 
ETAL 
STREAY STREAM (a) SPURTS Spur 
STREAM STREAM (4) Chose to WHEEL) Exp | 5SPURTS (6) spurts (1 
Wrought iron Large 65 in. Straw White Very few Forked 
Machine steel Large 70 White White Few Forked 
Carbon toolsteel Moderately large 55 White White Very many Fine, repeating 
Gray cast iron Small 25 Red Straw Many Fine, repeating 
White cast iron Very small 20 Red Straw Few Fine, repeating 
Annealed malleable 
iron Moderate 30 Red Straw Many Fine, repeating 
High speed steel Small 60 Red Straw Extremely few Forked 
Manganese steel Moderately large 45 White White Many Fine, repeating 
Stainless steel Moderate 50 Straw White Moderate Forked 
Tungsten-chromium 
die steel Small 35 Red Straw (c) Many Fine, repeating | 
Nitrided nitralloy Large (curved) 55 White White Moderate Forked 
Stellite Very small 10 Orange Orange None 
Cemented tungsten | 
carbide Extremely small 2 Light orange Light orange None | 
Nickel Very small (d) 10 Orange Orange None | 
Copper, brass, 
aluminum None None 
| 
(a) Figures obtained with 12-in. wheel on (b) “Spurts” are the sparks (seemingly (c/ Spurts are blue-white. ) 
bench stand, and are relative’ only. small explosions) that occur at in- 


Actual length in each instance will vary tervals on the carrier lines. (d) Some wavy streaks may 


with grinding wheel and pressure. be observed. 


Because of its quick and certain response Scale Characteristics — Operators or inspec- 


the spark test is widely used. It is also invalu- tors often notice that hot metals scale at differ- 


able in detecting surface carburization or decar- ent rates and in different ways, each seal , 
burization (effects, which, by the way, should having certain flaking characteristics. Low car | 
never be allowed to obscure the test on the bon steel scales deeply, while high carbon scales | 
underlying stock). lightly under similar conditions. Unusual scaling | 


Tool Tests — A file is extremely useful to of a lot of steel or wide variation in the picces 


detect hardened surfaces, even slight skin thick- of any lot should be grounds for immediate 


nesses. It is the quickest way to detect soft investigation. 
spots on hardened pieces, while one would Magnetic Response — Ordinary iron ani th | 
surely soon learn to differentiate the free-cut- ‘arbon steels are highly magnetic up (tli 
ting materials from the tough and tearing ones. so-called Curie point. This is about 13835 fol 

The lathe chip of a high carbon steel is steels containing 0.80) carbon and over and 
greatly different from that of a low carbon gradually increases to 1418" F. for 0.45% bon | 
steel, especially after normalizing. Thus, in steels and lower. The austenitic steels, of ich | 
getting a sample for chemical analysis from the most common is the 18% chromiun % | 
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tinless steel, are non-magnetic. rhe 


nict 


ynium-iron and the steels with 12° or 


18 
less mium are magnetic. 

“carbometer” and “carb-analyzer” are 
ins ats for quickly determining the carbon 
col by magnetic means on pencils of steel 
po at the openhearth or electric refining 
ful They can hardly be called inspection 
me s but electrical methods are coming into 
ust heck the uniformity of composition and 
st re of identically shaped objects by mak- 
ine two of them act as cores of a_ balanced 
ele il circuit. If the pieces exactly conform 
in size, composition, and treatment, the circuit 
remains in balance, but if a different composi- 
tion or treatment exists in a similar piece that 


replaces one of the cores, then the circuit unbal- 
ances and this fact registers on electrical 
indicators, oscillograph, or by amplification to 
earphones, Continuous testing of high grade 
strip, wire or tubing by similar methods is now 
being done, 

Spot Test for Nickel 
characteristic carmine color of nickel precipi- 


The beautiful and 


tated by di-methyl-glvoxime is widely adapted 
for rapid spot testing of steels containing this 
element. The cleaned stock is arranged in a 
row and a drop of nitric acid 
placed on each piece. A strip 
of paper saturated with the 
reagent and dried is then 
touched in successive spots to 
each drop of acid. Not only the 
sure presence of the nickel but 
ils approximate percentage is 
disclosed by the depth of car- 
mine color. 

Solution Rate and Acid 
Attack 


ist knows that bessemer steel 


The analytical chem- 


chips dissolve in concentrated 
nitric acid with violence, open- 
hearth and electric carbon 
Steels with moderation, and 
highly alloyed steels rather 
slowly. An adaptation of this procedure is 
available for rapid testing by dipping the 


smoothed ends of bars, rods or wires in a dish 
of hol one-to-one hydrochloric acid. Bessemer 
and h sulphur steels color black on the ends 
vel romptly. Serew stock and high sulphur 


lan ed steels shortly appear porous on the 
ches The rimmed steels disclose their outside 

lower carbon ferrite. Capped steels 
et re deeply than killed steels. The killed 


high carbon and alloyed steels remain brightest 
longest. Pipes and patterns appear promptly. 

To distinguish between ordinary steel and 
stainless steel, when the characteristic dull, 
leady luster of the latter cannot be relied upon, 
dip the questionable materials in an acidified 
solution of copper sulphate. Carbon and alloy 
steels quickly become plated with copper; stain- 
less steels remain bright as before. 

Sulphur Prints — Sulphur prints are made 
ina dark room. Smooth the section to be tested 
and press it for one minute against a piece of 
photographic print paper moistened with dilute 
sulphuric or hydrochloric acid solution. The 
paper is then removed, cleared of silver salts 
in a hypo solution, washed and dried. The print 
will keep indefinitely. A second print from the 
same surface is weak and of small account, but 
by re-surfacing to a few thousandths another 
good print can be obtained. 

Sulphur prints show the amount and distri- 
bution of the sulphides in the metal. The free- 
cutting steels afford strong prints while many 
toolsteels naturally give very weak prints. 

Spectroscope Lines — The use of the spec- 
troscope has developed rapidly along certain 
In the 
metallurgical field it is also 


lines of quantitative chemical analysis. 


very handy to check manga- 
nese, chromium, molybdenum, 
nickel, and columbium in an 
approximate way. That is, it 
is practical to distinguish a 
straight carbon steel from = an 
alloy steel; different grades of 
alloy or stainless steel can also 
be separated or identified. This 
can be done because it is not 
usually necessary to know how 
much of an alloving element is 
present in order to identify the 
grade of steel. This test ts 
rapid and a keen eve soon 
learns how to compare uncer- 
tain stock with standard pieces. 

Differential Quenches — One of the inter- 
esting facts about some of the well alloyed steels 
is the low temperature at which they will harden 
after having been heated hot enough to get their 
carbides in solution. Practically all steels begin 
to dissolve their carbides at 1540° F. or lower, 
and at 1500° F. 
have all of their carbides in solution and be 


most heat treating steels will 


ready to quench when the piece is uniformly 


at that temperature. 
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Again, on cooling, some of the high manga- 
nese, nickel and nickel-chromium-molybdenum 
steels only start to transform or precipitate their 
carbides at such low temperatures that it Is 
possible to cool pieces of mixed grades to a tem- 
perature such that the carbon steels will not 
harden and the alloved steels will, when water 
quenched from this temperature. The carbon 
steels will not harden because they have already 
precipitated their carbides as coarse particles at 
the high temperature, 

This test may be used to check compositions 

all uniformly high manganese or alloy steel, 
or mixtures. In fact, the principles underly 
the practice of hardness testing all pieces of 
critical importance after their final heat treat- 
ment. 
ance limits, either above or below, is thrown 


Any piece of hardness beyond accept- 


out because (among other things) it is quite 
likely made of steel far enough from specified 
composition to vitiate its response to routine 
heat treatment. A data sheet excellent for this 
test is reprinted on the opposite page. To this 
may be added the following figures for Amola 


steels: 
Ac, Ac AR AR 
A-4023 1360 1540 1430 1240 
A-4027 1360 1500 1400 1230 
A-4032 1350 1495 1390 1225 
A-4037 1320 1410 1340 1210 
A-4042 1315 1405 1330 1205 
A-4047 1310 1400 1320 1200 
A-4065 1390 1220 1190 


Micro Patterns of Etched Sections — It is 
not impossible to prepare a smoothed and prop- 
erly etched surface of a section of metal for 
microscopical observation in four or five min- 
utes, provided it can be cut off quickly or is 
already a small piece. Smoothing by hand is 
very rapidly done by the skilled operator; the 
newly developed methods of electrolytic polish- 
ing are even more rapid. 

One can often estimate the carbon content, 
high or low sulphur content, and uniformity of 
composition fairly rapidly from what he sees 
magnified say 100 dimensions. Moreover, the 
cold-worked, annealed, or treated condition will 
be apparent ata glance. In many cases a micro- 
examination is an essential supplement to the 
chemical analysis, especially when surfaces are 
deeply changed by corrosion, carburization or 
decarburization. 

A micro-examination does not necessarily 
mean a long tedious preparation of the specimen 
and may be a relatively speedy and satisfactory 
approach to the information required. S$ 
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STAR GAZING 


By Joseph E. Foster © 


Champaian. I!!! 


upon this apparition, when ex amip- 


ing babbitt at 60 diameters in the metal. 
lographic laboratory at the University of 


Illinois, I tried to think of some title other thay 
that relic of the horse-and-buggy days abou 
hitching your wagon to it. So to Barrierr, and 
found something about star-eved science (which 
gave the ego a fillip until these words of Isaiah 
were discovered: “The astrologers, the star gaz- 
ers, the monthly prognosticators.”) 
Then there’s this from Shakespeare: 
“But | am as constant as the northern star, 
Of whose true-fix’d and resting quality 
There is no fellow in the firmament.” 
Or from Walt Whitman: 
“Over all the sky the sky! far, far out of 
reach, studded, breaking out, the eternal stars.” 


A technical explanation of the occurrence 

The white particles throughout the field 
and outlining the star are CuSn compound 
The dark background is the ternary tin-ant 
mony-copper eutectic. The etchant is ferr 
chloride. 

A less technical explanation is by 5) 
J. Srone (again copied from Bartlett's * 
iar Quotations”) : 
“Where did I come from, then? Ah, where | 
This is a riddle monstrous hard to read. 
I have it! Why, of course, 
All things are moulded by some plastic fo 
Out of some atoms somewhere up in space 
Fortuitously concurrent anyhow 
There, now! 
That's plain as is the beak upon my face. 
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Approximate Critical Temperatures for SAL. Stee/s 
by MLR. Morris, R. Sergeson and GC.W. Gable ; Central Alloy Division , Republic Stee/ Corp. 


most instances found by examining microstructure of quenched Yein. discs of Fin. round, taken from 
nace at 2O°F. increments. Grain size of stee/ unknown. Rate of heating and cooling about same as in 
furnace -cooling for commercial annealing 


On Slow Heating \ On Slow Cooling On Slow Heating | On Slow Cooling 
mber Number 
Ac; ACo ACz Ars Aro Ary Ac; Acz Ars Aro Ar, 
Carbon Steels Nicke/l-Chromium Stee/s 
1350 | 1405 | 1605 | 1570 | 1400\ 1255 | 3115 | 1355 | 1400 | 1500 | 1470 | 1380 | 1240 
1355 | 1410 | 1585 | 1545 | 1395 | 3120 | 1350 | 1400 \ 1480 1455 | 1380 | 1230 
3125 | 1350 | 1395 | 1466 | 1400 1380 | 1220 
1355 | 1410 | 1570 | 1535 | 1395 | 1260} 3130 | 1345 | 1380 | 1460 | 1360 1220 
3135 | 1340 1445 | 1300 1720 
13. 14 154. 157 la J F140 1555 1475 | 7295 1220 
| MOS | | 1019 | OS | 1855 | 1550 1430 | 1300 1240 
1350 | 1405 | 1495 | 1465 | 1405 | 1250| 3/45 | 7556 1395 | 1295 1220 
1345 1475 | 1455 | 1395 | 1275 | | 1555 1380 | 1275 1215 
1340 1455 | 1415 1275 | 3215 | 1350 | 1410 1465 | 1415 | 1350 | 1240 
1340 1450 | 1340 1270 | 3220 | 1350 | 1418 | 1460 | 1408 | 1358 | 1240 
1340 1450 | 1405 1275 | 3650 | 1540 1459 | 
1355 1420 | 1330 1270 | | 13555 1425 | 126 240 
4 3245 | 1345 1400 | 1270 1225 
1340 1425 | 1390 1275 
I3%5 1400 | 1330 1270 5250 1340 1375 | 1255 200 
1340 1425 | 1390 1275 | 3312 | 1330) 1370 | 1435 | 1240 1160 
1335 1400 | 1330 1270 | 5325 | 15355 | 1365 | 1400 | 1250 1160 
1340 1410 | 1370 1275 | F530" | 1320 | 1560 | 1380 | 1225 145 
1340 1385 13a5 1285 FF F5 7310 IZ60 | 1200 11/00 
1335 1380 | 1330 1280 5340 1290 1380 | 7/780 
1345 1370 | 1340 3415 | 1330 1370 | 1425 1340 \ 1300 \ 1220 
1350 1365 | 1340 1280 | 3435 | 1290 1380 | 1200 1150 
1360 1285 3450 1290 1560 | 1/200 1700 
Molybdenum Stee/s 
1560 | 1285 4130 | 1395 | 1435 | 1485 | 1405 | 1395 | 1280 
1360 | 1290 ¥4130 | 1395 | 1435 | 1480 | 1405 1250 
1595 | 1290 4135 | 1395 | 1440 \ 1475 | 1380 | 1360 | 1280 
Free Cutting Steels 4140 | 1380 1460 | 1370 1280 
| 1410 1590 | 1545 | 1395 | 1265 4/50 1565 1595 1280 
4340 | 1350 1425 | 875 225 
4345 | 1345 1415 | 825 725 
1355 | J405 | 1/550 15/0 | 1400 | 1255 4615 | 1335 | 1400 \ 1485 1400 \ 1320 \ 1200 
4620 | 1335 1470 | 1390 1175 
345 | 1420 | 1520 | 1370 | 1245 | 4640 | 1320 430 | 1300 1125 
4650* IZI5 14 10 1260 
4815 | 1300 1440 | 1310 600 
4820 |\ 1300 1440 \ 1260 760 
Mangenese Stee/s Chromium Stee/s 
50 | 1325 1480 | 1340 1160 | 5120 | 1410 \ 1460 1540 | 1470 1420 1295 
55 | 13515 1460 | 1340 165) 5140 | 1370 440 | 1345 260 
QO | 13515 1435 | 1310 1160) 5150 | 1330 1420 | 1280 22, 
5 | 13575 1410 | 1300 1160 | 52100 1340 1415 \ 1515 128 
50 | 1510 1400 | 1255 105 romium-Vanadium 
Nickel Steels 6120 | 1410 | 1460 | 1545 | 1440 | 1380 | 1500 
| 1375 | 1475 | 1575 | 1450 | 1400 | 1215 | 6125 | 1400 | 1440 | 1490 | 1390 | 1360 | 1295 
| 1345 | 1455 | 1525 | 1475 | 1380 | 1195 61350 | 1390 | 1440 | 1485 | 1570 | 1340 | 1285 
| 1350 | 1440 | 1350 | 1260 | 1100} | | 
| 1285 | 1345 | 1420 | 1235 |1160| 6/40 | 1390 | 1578 | 7295 
| 1275 | 1315 | 1400 | 1180 1050 | 68145 | 1390 1450 | 1375 | 1290 
| 1275 159251 1180 1050 | 6150 | 1385 1450 | 1578 | 1270 
1280 360 | 1180 1060} 6/195 | 1370 1425 \ 1360 | 1300 
1280 350 | 1180 1060 
1250 | 1335 | 1420 | 1220|1140| 825| 
1240 | 1340 | 1390 | 1175 | 1025 | 825 Silicon-Mangenese Stee/s 
9255 | 1400 1500 | 138¢ 1Z20 
*This number not in the official S.A.E. list | 14M | 500 | | 
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Experience of Year: 


STORED UP 


in Helpful Literature... 


The pressing demands of the defense 
program call for the employment of 
every skill and facility at the disposal 
of the metal working industries. 


Among the resources available is 
the experience of our technical stafi 
in the solution of problems involving 
the use of Nickel and its alloys. 


This experience has been distilled 
into helpful literature which deals 
with the selection, fabrication and 
uses of these materials. This printed 
matter is yours for the asking. You 
are also offered the assistance of our 
technical staff in solving problems 
of material arising from the tempo- 


rary lack of Nickel. 


Your inquiries addressed to the 
Company either for literature or 
personal consultation will receive 
prompt attention. 


4 


} 


\ 


THE INTERNATIONAL NICKEL INC. 
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| penn THE LAST 15 years the alloys of 
chromium and chromium-nickel commer- 
cially known as stainless steels have definitely 
proved their value in the paper industry. 

As might have been expected, several fail- 
ures in service were encountered in the earlier 
applications, primarily due to the lack of 
knowledge both as to properties and correct 
methods of fabrication. In the last few years 
increased knowledge and improved technique 
in fabrication have been reflected in the excel- 
lent performance of these alloys. 

While the stainless alloys comprise a group 
of at least 40 different types, varying in chro- 
mium and nickel contents with or without other 
elements, such as molybdenum, columbium, 
titanium, or silicon, we will confine our present 
remarks to three types that are now being used 
in sulphite pulp equipment, as follows: 


Type No. Carson CHromium NickeL MoL_yspENUM 

308 0.08 max. 19to22% 10to 12% 

S17 0.10max. 18to20% 12to14% 3to4% 

329 0.10 max. 25t030%  3to05% 1 to 1.5% 

As noted in the subchapter by J. D. MiLier 

in The Book of Stainless Steels on the require- 
ments of the paper mills, it was early found 
that all-purpose alloy 18-8 was too corrodi- 


A NEW STAINLESS 


By G. C. Kiefer 


) 
Research Laboratory 
Allegheny Ludlum Steel 


) 
Draccennage | a 


ble in the somewhat contaminated sulphite 
solutions found in the mills. <A little experi- 
mentation indicated that corrosion resistance 
increased as the total of chromium and nickel 
content increased; consequently the demand for 
18-8’s on the high side of the analysis led to the 
use of Type No. 308. Likewise 4° molybde- 
num was specified in metal for digester linings 
as early as 1933, with excellent results in addi- 
tional corrosion resistance; hence Type No. 317. 
A great deal of information about these two 
alloys can be found in The Book of Stainless 
Steels. Type No. 329 is a more recent adapta- 
tion of the simple 28° chromium-iron alloy 
(Type 446), and some data as to its properties 
will now be given. 

Type 329 is likewise similar to this latter 
chromium-iron alloy in that its structure is 
ferritic and it cannot be hardened by rapid cool- 
ing from elevated temperatures. Slow cooling 
from elevated temperatures or prolonged heat- 
ing in the range of temperatures from 700 to 
1400° F. lowers the notched-bar impact figure; 
on the basis of a few tests, alloy No. 329 appears 
to be even more susceptible to this loss of 
impact toughness than the regular 28° chro- 
mium alloy, and the range of temperatures in 
which the action can occur extends to as high 
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Properties of Wrought Stainless Steel, Type 329: High Chromium, Low Nickel ties are those a 


lable 
ELon- Repuc- Izop in various rolled orms 
Heat, Time | Cooumne | _ YIELD TENSILE GATION | TION oF | Test: BRINELL such as bars. th; tes 
STRENGTH STRENGTH Ane,  Fr-Lp,  HARPNESS bales 
and tubes. Cast us of 
As hot rolled 88,015 127,000 22.7 47.8 10tol5 a similar analysi. (28) | 
1650 6 hr. Water 69,860 104,630 28.8 55.1 10 Cr, 3.5% Ni. c 
1925 30min. Water 80,000 107,000 33.0 99.0 56 228 0.7°¢ Si max., 1 Mo 
1925 30min. Air 68,000 109,000 25.0 36.0 36 217 . : 
max., With titanium or 
1600 3 hr. Slow 10 . 
1900 Slow 2 AS & 
1900 45min. Water 65 refiner) have been used 
1950 15 min. Water 53 in the north Ey pean 
2000 45 min. Water 62 paper indust: for ( 
2050 15min. Water to some time, as described 
2050 45 min. Water 41 to 60 
2050 1 hr. Water 35 by JOHN SISSENER in : 
2100 45 min. Water 86 METAL PROGRESS fo) 
October 1937. ' 
Accelerated tests in I 
as 1650° F. (In referring to this phenomenon, sulphite liquor — 4° sulphurous acid contain- 
it should be borne in mind that these alloys ing 1‘. sodium bisulphite at 150 Ib. pressur 
exhibit this lower impact toughness only when (360° F.) — show the following corrosion rates , 
cooled to the vicinity of room temperature and in milligrams per square inch of surface per 
tested at that temperature, and that when tested hour of exposure: m 
at working temperatures above 200° F., they Type 304 (regular 18-8) 0.60 mg. , 
show normal toughness.) Type 308 0.20 mg ! 
In order to obtain the best mechanical Type 317 wo — : 
properties in the straight 28°¢ chromium alloy, — = . 
it is necessary to cool it rapidly from 1650° F. The corrosion rates for the last three ar , 
after holding at temperature for at least an fairly close together and low enough: so that . 
hour, ileating to temperatures over 1800° F. the selection of one rather than the other has 7 
results in excessive grain growth and brittleness usually been based on the experience of the mill ‘ 
from this cause. In order to obtain a_ high superintendent under his existing service con- ‘ 
impact toughness in room temperature tests on ditions. Attention is directed, however, to th: 
Type 329 stainless steel, it is necessary to cool marked difference in corrosion resistance: 
rapidly from the vicinity of 2000° F., because between the so-called regular 18-8 and the Typ: 
cooling from the temperature range recom- 308 alloy. This pronounced resistance of [yp 
mended for the straight 28° chromium-iron 308 is further emphasized in tests conducted al 
results in a material with low notched-bar the Virginia Polytechnic Institute by L. E 
impact tests. Warp, who determined the corrosion resistanct 
Other properties are very similar to those of various metals to the fatty acids recovered 
found in regular 28‘¢ chromium alioys. The from kraft pulp waste liquors. Regular 15- 
table above gives a summary. These proper- alloy was penetrated at the rate of 0.061 in. pe! 
I 


Fig. 1 Accumulations of Sodium Sulphate and Organic Matter in Heat Exchanger Tubes 
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le Type 308 alloy showed only 0.0010 


vear 
p ation per vear. 

‘igh alloy content of Types 308 and 317 
mate y retards precipitation of harmful car- 
hides the micro-grain boundaries when the 
alloy re welded, and thus lessens their sus- 
rept iy to intergranular attack. Since time 
is al portant factor in this phenomenon of 
carbide. precipitation, the cross-section to be 
welded has a marked influence, so the adjusted 
composition in No, 308 will only be econom- 
ieally effective when comparatively light sec- 
tions or clad plates are to be welded. Experi- 
ence has shown that solid plates or castings up 


to 15 in. can be welded without precipitating 
harmful carbides, and this is a thickness beyond 
those used for sulphite equipment. Therefore, 
Type 308 can be used in most cases where weld- 
ing is involved, 

For greater thicknesses where welding is 
necessary, or where the repair or revamping of 
this heavy equipment by welding might occur, 
the columbium or titanium modification of the 
alloy is suggested. Type 308 with columbium 
should also be used where the fabrication is to 
be stress relieved at moderate temperatures 
(800 to 1600° F.). (Where the titanium modifi- 
cation is used and welds cross each other or 
where single welded equipment is to be stress 
relieved, a columbium-bearing welding rod 


l Inside Surface of Damaged Heat Exchanger Tube, Split 
ared of Deposit. Dark areas are deep pits that grew 


must be used, as very little of the protective 
titanium remains in the deposited weld metal.) 

We are not suggesting, however, that Type 
308 alloy should be used for all equipment in 
the pulp making industry. Selection should be 
governed by the corrosive conditions encoun- 
tered. Generally speaking, Types 308 and 329 
offer the highest resistance to corrosion where 
the liquid phase is encountered, or in the gas- 
eous phase at temperatures above the dew point. 
Type $17 alloy is more resistant to service con- 
ditions where condensation occurs, or where 
the sulphuric acid content of the sulphite liquor 
is abnormally high; it is also satisfactory for 
hypochlorite bleaching solutions and for pulp 
washing equipment handling material after a 
chlorine bleach. 

Correct applications of these alloys to spe- 
cific parts of digester equipment, blow pits 
(perforated bottoms and targets), acid recovery 
systems, liners for pulp washing troughs, and 
bleaching equipment have been established 
from service experience. There are five experi- 
mental digesters fabricated from Type 308 in 
operation; they have been in entirely satisfac- 
tory service for one to eight vears. There are 
also large amounts of the same alloy in the form 
of cast valves, seamless tubing and rods in the 
acid lines both hot and cold, in heat exchangers, 
collector rings, screens and similar digester 
accessories. 

Type $17, the molybdenum 
alloy, can be used in almost every 
place where Types 308 and 329 are 
used. Because of its higher price, 
however, greater economy can be 
obtained by limiting it to those 
parts demanding particular corro- 
sion resisting characteristics, or by 
using it as a thin cladding to pro- 
tect common carbon steel. 

For example, Type 317 is far 
more resistant to sulphuric acid 
solutions than the other two alloys. 
Since sulphuric acid is usually 
formed when moist sulphur dioxide 
condenses, Type 317 should be used 
in all top relief lines, flumes, blow 
pit sections above the pulp line and 
various parts of acid recovery sys- 
tems where condensation is likely 
to occur. In some sulphite mills 
which lack close control of the sul- 
phite liquor, sulphuric acid is pres- 


ay ‘ightly adhering foreign matter that absorbs oxygen ent in higher amounts than are 
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normally encountered. The limiting 
concentration of sulphuric acid for 
safety against Types 308 and 329 is 
approximately 0.25%. 

Type 317 with its sizable 
molybdenum content is also less 
susceptible to pitting in solutions 
containing chlorine. It is therefore 
satisfactory for pulp washing equip- 
ment following chlorine bleaches 
where small amounts of hydro- 
chloric acid generally develop in 
the wash water. Laboratory and 
service tests also indicate that it is 
resistant to calcium hypochlorite in 
either the alkaline, neutral or acid 
conditions. It is to be emphasized, 
however, that none of the stainless 
alloys mentioned are resistant to 
moist chlorine gas. 

There are several difficult 
corrosion pulp 
industry which require careful con- 
sideration. Tubular heat exchang- 
ers may accumulate deposits of 
sodium sulphate and organic mat- 


problems the 


ter as shown in Fig. 1, under condi- 
tions not fully understood. 
Sometimes only the tubes in one or 
two exchangers of a large number 
using the same raw acid will be 
affected. It is essential that this 
deposit be periodically removed, 
else pits will form in the tube wall 
(Fig. 2). 
rosion resistance of stainless steel 


This is becatise the cor- 


is dependent on the maintenance of 
an invisible protective film of oxide. 
When stainless steel resists corro- 
sion satisfactorily, any minor dam- 
age to this film is automatically 
healed. Deposits of many solid mat- 
ters, especially organic materials 
that absorb and react with oxygen, 
prevent the re-formation of this 
protective film where it may be 
damaged, and localized corrosion 
occurs at those places. 

In removing this deposit by 
mechanical means, the tool should 
not gouge or scratch the surface, as 
scratches form pockets in which 
deposits again rapidly accumulate 
and subsequent cleaning is made 
more difficult. If the equipment is 


all stainless steel, nitric acid can be 
used to remove sulphate deposits, as 
this acid will not attack stainless 
steel; in fact, it “passivates” the sur- 
face, adding to its normal corrosion 
resistance. 
Another 
encountered is the corrosion of metal 
tierods, bolts and when 
inserted in wood which is exposed to 
moist sulphurous atmospheres. The 


problem frequently 


screws 


wood soon becomes saturated with 
acid and that part of the metal in 
contact with it is rapidly corroded, 
as shown in Fig. 3. The most satis- 
factory solution to this problem is to 
paint that part of the metal in con- 
tact with the wood with a good 
asphalt paint. 

Something should be said about 
the use of stainless steel in pulp 
screens. Failures have been due 
either to the thin gage of the plate, 
the design, or the method of fabrica- 
tion. These screens are made up in 
sections, joined to one another by 
spot welds, and are supported on 
bars that are slotted to make space 
for the joints between sections. The 
failures which we have investigated 
have resulted from fatigue cracks 
near the supports and the welds 
holding the screen sections together. 
The corrective is a change in design 
to distribute the working stresses 
more uniformly. 

In the application of any of the 
metals or alloys a knowledge of their 
characteristics and properties is 
always desirable. The stainless alloys 
are probably the most useful mate- 
rials developed by modern metal- 
lurgy, but it often happens that a 
lack of this understanding results in 
failure or at least a lowering of their 
useful life. The following brief sug- 
gestions are offered for the purpose 
of assisting those who fabricate or 
repair stainless steel parts: 

A clean surface is necessary to 
maximum 
resistance. Chalk marks, grease, 
scale and other surface contamina- 


obtain the corrosion 


tions should be removed whenever it 


(Continued on page 90) 
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AND WHAT CAN 


done 


about it 


|* THIS EXCERPT from the series of lectures 
given last winter before the Tri-City Chapter, 
&. | want to talk about one important thing I 
have hardly mentioned so far and that is wear, 
the thing that causes most machines and parts 
lo be scrapped. 

Let us define wear as “the undesired loss 
of dimension in service”. That will include a 
few types of failure that we might not custo- 
marily think of as wear. 

Of all the types of failure by wear, first, and 
most important, is abrasion, the grinding away 
of the metal surface. That is an obvious kind 
of wear. Wear of this sort is normally best 
counteracted by a high Rockwell, high Brinell, 
and high seratch hardness. That is a broad 
Statement that can be shot full of holes, but bear 
in mind that our hardness numbers measure an 
aggregate property. A penetration hardness test 
reflects the hardness of those hard particles (at 
the location where the test was made) that are 
well enough supported so they resist being 
pushed in when the load is applied. Some mate- 
rials al a given indentation hardness will show 
much better wear resistance than others. Typi- 
cal is the usual finding that for a given Brinell 
hardness, higher carbon steel is more satisfac- 


lory for resisting abrasion. Why? Apparently 
beca of the fact that carbon joins with the 
Iron make a hard carbide and there is a 


By Gordon T. Williams 
Deere & Co 


M ine 


higher quantity of this iron carbide present in 
the higher carbon steels. Iron carbide is not 
only hard but has a great amount of wear 
resistance. 

Even better than iron carbide as a wear 
resister is tungsten carbide. Very fine abrasion 
resistance in tools and die steels, several times 
that of hardened high carbon steel, can be 
obtained from a hardened 1.30°° carbon steel 
which contains 3 or 4° of tungsten. The hard- 
ness of these die steels as indicated by the Rock- 
well machine may not be much greater, but the 
wear resistance against abrasion will be found 
considerably better under ordinary conditions. 
High hardness plus high carbon will ordinarily 
give the best resistance to abrasion in these tool 
and die steels. 

The high hardness and wear resistance 
intrinsic to tungsten carbide is the basis of its 
use in wire drawing dies (as well as cutting 
tools). For these articles the powdered carbide 
is mixed with a little cobalt for binder, pressed 
into shape, sintered into a coherent mass, and 
ground and lapped to accurate size. (A _ pic- 
torial story of these manufacturing operations 
was printed in Metrat Progress, Sept. 1939.) 

Just how badly wear can dig into a part 
without completely shutting the machine down 
is shown in the first photograph of the remains 
of a carburized and hardened pinion. Abrasion 
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the 
unworn side of the remaining tooth stub is about 
Rockwell C-62, and the core (through which wear 
has largely gone) had a hardness in the neighbor- 
hood of C-30. 
“lubricate” this gear was sufliciently abrasive so that 


has done that. The hardness of the case on 


Nevertheless, dirt in the oil used to 


it and its mating gear wore down to the extent 
shown. Presence of dirt (which includes fragments 
of torn-off metal) is probably the chief factor in 


heavy abrasion. 
Wear Testing 


There have been testing machines 


designed for studying the wear resistance of various 


many 
materials. There is no “standard”; all of the equip- 
ment is for specialized application. 
few: Tests have been made on agricultural imple- 


To mention a 


ment parts by dragging them through sand or soil in 


an attempt to simulate field conditions. Laboratory 


tests cannot exactly duplicate or equal such a field 


service test. However, field tests are of less use 


when considering gear material, where the life of the 
The 
best known wear test is the Amsler test, in which 


part is contingent on lubrication and pressure. 


metal-to-metal contact between two disks is main- 
tained under selected speeds and pressures, and the 
loss measured by weighing. Various so-called brake 
shoe tests have been developed; the one shown in 
the March 1941 
for checking cylinder and piston ring wear. 


issue of PROGRESS was used 


Such specialized tests have proven excellent for 
special applications, but none of them tells the 
complete story of wear. There are so many factors 
(and so many of them non-metallurgical) that a 
metallurgical picture complete in itself is not likely 
to be obtained. Affected as it is by the nature of the 
film of lubricant, the entire problem is still most 
obscure, even to advanced researchers. 

Surface finish is a major factor. The trend in 
the manufacture of bearings and liners is all toward 
the perfection of surface; the conclusion is therefore 
clear that the 
least wear and longest life comes from the smooth- 


at least in bearings and journals 


est surfaces and the best fits. On the other hand, 


extreme smoothness in a gas engine ecvlinder will 


Carburized Gear With Teeth 
Almost Destroyed by 
sion Due to Gritty Parti- 
cles Carried in the Oil 


more slowly from there on. 
this 


cause excessive “blow-by” and | 
consumption for a long breaking-i; 
Cylinders and piston rings, and | 
many other mating parts, requir 
“gasket action”, or incipient wea: 
the running-in period that adjusts | 
faces to small permanent size chan 


A Series of Carbon Steels Were Anneal 
ized and Hardened, and Weight Loss (i; 
100,000 m-kg. of Work) Determined 

cated Wear in an Amsler Machine. Gene: 
ing, wear resistance under these co: 
proportional to the hardness (R 
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to the working stresses and temp 
changes. 

A typical set of results with the 
the 
curves, grading steels of varying 
content from 0.10 to 1.30° in the har 
normalized and annealed condition : 


machine is shown on accomp 


the wear loss. Low carbon steel shy 
course, very low hardening, and th: 
resistance is likewise very little d 
from that of annealed or normaliz 
of the same carbon « 
With increase in car! 
Abra- weight loss by unlub: 
wear steadily decreas 
siderably to about 
carbon and decreases 
Thro 
the annealed steel sho 


range, 


largest weight loss under test, but s 
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increase in carbdn 


cl 

opter. is seen. Normalized 

steels intermediate. 


ri se results are for 
set of conditions 


jus! 

and do not tell us what will 
wear in some. specific 
mach part you may be 
think of. 


Scoring and Galling 


Another kind of damage 
eausing loss of dimension is 
called scoring. Scoring we 
may think of as being very 
similar to abrasion, only the 
abrasive, instead of being 
dirt, is one or more hard 
particles sticking out from 

- pro- 
As_ the 


pieces slide past each other, 


one of the surfaces 


jections of metal. 


a high spot on one may 
interlock with a slightly high the Endurance 
spot on another piece, a 
fragment is torn out, and 
scoring will result. Scoring may occur very 
early, and once having made suitable tracks for 
the high spots on the mating part, may not go 
any further. <All too frequently, it does go 
further, and then it is usually called by another 
name —- galling. High finish is usually helpful 
in reducing scoring; of course, lubrication is an 
important factor. 

lhe third type of wear just mentioned, 
galling, is metal-to-metal contact similar per- 
laps in origin to scoring, but it seems to be a 
little more than dragging a particle and plow- 
ing oul.a path. Galling implies a transfer of 
metal from one piece to another to build up a 
projection on one piece; the attached projection 
will score and, due to the large size of the parti- 
cles involved, this condition usually continues 
fairly rapidly to destruction. To prevent gall- 
ing. lubrication is again an important factor, as 
also is finish. Furthermore, there are chemical 
processes by which the surface of these metal 
parts may be so altered that galling, or metal 
welding from one piece to another, is interfered 
with. Those chemicals interfere with welding 
in the same sense that oxide will interfere with 


solder, that is, the surface is not chemically 
clean enough for metal-to-metal contact and 
Welding to take place. 


Pitting Failure of a Gear Tooth, 
Probably Due to Too Shallow a 
Case, and an Overload Beyond the fatigue failures first occur 
Limit of the 
Underlying Lower Carbon Steel 


If galling is severe enough to 
stop the sliding motion of two 
parts, it is known as. seizure. 
Some high alloy steels are notori- 
ously bad actors in the matter 
of galling and seizure, as for 
instance stainless steel of the 18% 
chromium, nickel 
which 


variety. 


Equipment must expect 
rough handling —as in the oil 
fields — and deficient lubrication, 
must be designed with that in 
view, and combinations of metals 
selected that will cause the least 


damage if the bearings run dry. 


Pitting of Carburized 


Gear Teeth 
Pitting is another very 
important type of failure. A true 


case of pitting involves compres- 


sion fatigue of the surface layers; 


below the surface in the weaker, 


lower carbon material there. 


(This will be discussed in detail 


in a later talk devoted to casehardening steels; 


it is clearly necessary for the stress resistance 
at all points under the surface to be in excess 
of the stress at those particular points.) 

A typical fatigue failure by pitting on a 
gear tooth is shown in the last view. This pitting 
has not resulted in any great loss of dimension 
of the tooth as a projected whole, but it has 
resulted in a serious local loss of dimension. 
When the metal is gone from one of these pits, 
the load is increased on the remaining metal 
where contact and load application can. still 
take place — and the damage spreads. Failure 
of this perticular gear was, in my opinion, due 
to too shallow a case. It indicates, of course, 
the necessity for having ample case depth for 
ample stress resistance. In this connection, we 
must consider whether the stress comes from a 
static load or a repeated load, bearing in mind 
what we have already learned, that whereas 
the vield strength of a given steel is 65 to 70% 
of the tensile strength, the endurance limit is 
only perhaps 50° of the tensile strength. 

To avoid the pitting type of failure, we 
must be sure that mechanical production has 
We must 


avoid high spots, poor contact between teeth, 


been as good as it should have been. 


poor rigidity of the assembly; when these are 
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taken care of we will have done most of the 
things that can be done toward avoiding the 
pitting type of failure. 


Chipping, Flow and Corrosion 


Chipping is another form of dimensional 
loss. It would hardly be called “wear” in the 
precise definition of the word. Chipping, of 
course, is a brittle failure, such as occurs with 
very hard steel. These discussions are being 
limited to steel, so we haven't said anything 
about cast iron, but I might mention that hard 
cast iron might fail by chipping in many appli- 
cations due to brittleness. A lower Brinell 
material could perhaps last considerably longer 
before failing by abrasion. In other words, we 
may try to put more and more abrasive resist- 
ance into a part by giving it high hardness, only 
to find we have run into failures by chipping. 

Flow is another form of loss of dimension. 
It certainly is not wear as we ordinarily think 
of it, but it is important and its mention fits best 
into this classification. There are many mate- 
rials plastic enough that they will actually 
deform under the loadings they encounter. 
Again referring to gears, flow can occur in a 
condition wherein poor mesh or contact of gear 
teeth might cause a small portion of the tooth 
face of a soft gear to flow aside. In a hard gear, 
this kind of loading would perhaps result in 
breakage. 

Corrosion certainly is not wear, and yet 
corrosion is loss of dimension and, as men- 


Wear Is What Gets It! 


tioned in the discussion on fatigue int! Appjj 


issue, even slight corrosion is’ im tant 
mechanically as a producer of notches. “hey. 
ically produced notches by water < sion 
(rusting) may be just as bad as notches | sat gy 


produced by a poor machinist. 

For those who might want to go further 
into the subject of wear, I would recommend 
the symposium held in 1937 by the Americap 
Society for Testing Materials. Various authori- 
ties gave papers on wear in their particular field. 
such as the automotive field, textile machinery. 
railroads, and these are as informative as on 
discussion of wear can be today. 

In conclusion, I would like to quote a state- 
ment in that symposium. A speaker said tha 
the loss of 5 Ib. of metal was the difference 
between a brand-new and completely worn-ou! 
5-ton truck! A 10,000-Ib. article complete) 
worn out by the loss of 5 Ib. in the right places 

As to a theoretical explanation of wear, 
how it really happens, no information can he 
given. Some hold that there is momentary 
seizure between microscopic projections on the 
rubbing surfaces within the lubricating film, 
and these seized portions immediately are tor 
apart with the production Gc: metallic star-dust. 
This assumption is not contrary to Dayton’s 
researches at Battelle Memorial Institute, which 
show that if surfaces are * »ptically flat” and 
lubricated with non-corrosive oil that contains 
no abrasives, they can be run in a wear testing 
machine for an indefinite time without loss in 
weight or any observable wear markings. oe) 


(Photo by Rittase) 
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CORRESPONDE 


Die Castings 


in the defense program 


WASHINGTON, D. C. 
To the Readers of METAL PROGRESS: 

Prospective supplies of a number of strate- 
vic metals are insufficient to take care of this 
country’s defense program and anticipated civil- 
ian demands. With maximum projected 
increases in production, the supplies of alumi- 
num and magnesium will be inadequate for 
defense needs alone, as at present planned. A 
large percentage of the high grade zine will 
be required for cartridge brass for American 
and British needs. Most of the large consumers 
of die casting alloys using zine and aluminum 
are therefore either curtailing production or 
introducing substitute materials. 

While the above remarks apply chiefly to 
primary mete!, they are also true, in large meas- 
ure, Of secou.dary metal suitable for die cast- 
ngs. Serap collection will alleviate this situ- 
ation somewhat, but it is probable that at best 
this souree will increase our available supply of 
aluminum by less than 10°, which will still 
mean a searcity. Curtailment of 1942 model 
passenger cars to 3,460,000 units, together with 
substitutions in materials, will convert to 
defense use about 118,000,000 Ib. of zine (in 
brass, galvanized parts, and die castings) and 
20,000,000 Ib. of aluminum. 

lt is apparent that this program will have 
the effect of removing a large part of the chief 
market for die castings. Similar reductions or 
substitutions are in process in other fields where 
die ca lings were used, such as hardware, house- 
hold appliances and electrical parts. 
sased on the die casting industry's estimate 
of less than 15% of its productive capacity now 
being ngaged in defense production, it would 
‘ppear that either its personnel will have to be 
to other defense production or the 


industry must secure more defense business to 
take the place of the defunct non-defense pro- 
duction. Additional defense business must be 
secured by the industry in the same manner as 
previous defense business or any other business, 
that is, by doing an eflicient job of salesmanship 
on the advantages of die castings in effecting 
savings in materials, machines, man power and 
delivery intervals. The rapid growth in die 
casting production in recent years in highly 
competitive fields indicates that such advantages 
do exist, and merit increased use of die cast- 
ings in defense production. Such advantages 
must be brought forcibly to the attention of 
defense procurement agencies, 

There are at present about 125 die casting 
companies, with the majority relatively small 
producers. Most of the equipment is of the 
immersed plunger type which is only adapted 
to the zine, lead and tin alloys. Relatively few 
producers have cold chamber machines suit- 
able for brass and magnesium die castings, as 
well as aluminum, and less than a quarter 
of the producers have gooseneck type machines 
suitable for aluminum alloys. In 1940 the pro- 
duction of zine base die castings was approxi- 
mately 225,000,000 Ib. and that of aluminum 
base alloys about 10° as much. If die casting 
productive capacity is to be utilized generally 
in the defense program, it will therefore either 
be necessary to demonstrate the suitability of 
zinc base die castings for additional defense 
applications, or to convert die casting equip- 
ment to make it suitable for the production of 
aluminum die castings. 

Die cast products now acceptable to defense 
procurement agencies are generally made from 
aluminum 
frames, airplane engines or ordnance fuse parts. 


mostly parts for instruments, air- 


Discussion with Army and Navy Ordnance offi- 
cials indicates the possibility of using dense, 
stable zine die castings for some of the parts 


now made as aluminum = (Cont. on page 92) 
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Proposed Standard Cutting Oil 


available for test 


ANN Arbor, MICH, 
To the Readers of Mevav ProGress: 

The Independent Research Committee on 
Cutting Fluids, which is afliliated with the @ 
and headed by Joserpn Gescuenix, Chairman, 
has developed a reference cutting oil which is 
being distributed to members of the committee 
and to others for evaluation. The purpose of 
this reference cutting oil is to create a work- 
able vardstick between laboratory and shop 
practice, as well as a basis for comparison of 
culling oils, and a necessary standard auxiliary 
in testing metals for their machinability, and 
machining operations. 

This reference oil was selected by the 
committee as the first step in the correlation 
program. Any organization interested in par- 
licipating in this program can do so, and can 
get a supply of the reference cutting oil by writ- 
ing to H. L. Mom, © The Pure Oil Co., Box 266, 
Winnetka, IIL. 

The committee requests those interested to 
evaluate this oil by whatever means are at their 
disposal, whether it be by laboratory machines, 
or practical tests in the shop on machinability, 
tool life, finish, or any other criterion used by 
the participant. 

All of the contributed material will be 
grouped and studied, and a correlation report 
given to those participating in the work. When 
the program is finished, the committee hopes to 
have an understandable correlation between 
shop and laboratory practice which will be of 

W. Boston 
Department of Metal Processing 
University of Michigan 


use to all, 


Expansion of Aluminum 
production 


PirTsBURGH, Pa. 
To the Readers of Mevar ProGress: 

In the leading article in the February issue, 
discussing supplies of strategic and critical 
metals, the Editor made the following remarks 
about aluminum supply and demand, as viewed 
at the turn of the year: 

“No shortage of ingot is anticipated. Fortu- 
nately The Aluminum Co. of America started many 
months ago on a large expansion program.” 

“Forging capacity: While there is more capac- 


~ 

it 
ity than needed for military requirement at th, 
present, a shortage is anticipated by July [94)° 
“Adequate capacity exists, certainly far as 
141 requirements are concerned, in the 

ture of extrusions and high strength tubin 

In view of the rapidity with which (he ppo. 
jected defense effort can change, especially ax 


regards aircraft production, you will perhaps 
interested in a statement about these three erit). 
cal forms of the strategic metal aluminum, 

At present writing (June 9) there js po 
shortage of aluminum for national defense. 
although civilian applications have been mate- 
rially curtailed. This reduction in civilian uses 
has affected many of you who have, becaus 
of the pressure of defense demands for alumi- 
num, been forced to accept substitutes for th: 
duration of the war. 

Just how long we will be able to say “Ther 
is no shortage of aluminum for nationa! 
defense” is problematical. There may be 
shortage next month, in six months, in a yea 
It depends largely on plane production, not onl 
for the United States but for Britain as well 
According to a recent announcement by W. 
KNUDSEN, the expanded plane program wi! 
require an annual production of 1,600,000,00) 
ib. of aluminum, more than the whole world 
produced last vear! 

Aluminum production in the United States 
during 1989 was 327,000,000 Ib. Domestic pro- 
duction at present is at the rate of nearly 600, 
000,000 Ib. annually, and by July 1912 will 
reach 825,000,000 Ib. a year. Until recently 
Aluminum Co. of America was the sole pro- 
ducer of primary aluminum in this country, an 
by July of 1942 it will have completed a nationa’ 
defense expansion program which will mor 
than double the production built up over a hall 
century of operation. In 1942, the companys 
production of new metal will amount to mor 
than 720,000,000 Ib. and to reach this produc: 
tion, as well as to expand fabricating facilities 
the company will have expended $200,000,00". 
all of which it is financing itself. 

The accompanying view was taken of th 
new Washington Works at Vancouver, col 
pleted a little less than 15 months after ground 


was broken. Originally planned as « sing! 
producing unit for 30,000,000 Ib. of ingot © year 


a@SS 


operation at that rate was actually star! 
than six months after the first concre 
poured, The present plant contains fiy 
units; power contracts for 162,500 kw. frm tlh 
Bonneville dam have been signed. 
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‘num Plant at Vancouver, Wash., Completed in 15 Months. Annual capacity: 150,000,000 lb, ingot 


Equally important additions are being cur- 
rently made in fabricating facilities. 

the forging capacity in all the plants of 
Aluminum Co, of America has been increased 
as of June 9 by approximately 175‘. ; extruded 
shapes capacity, sheet capacity, and tubing 
capacity have in each case been more than 
doubled; while wire, rod and bar capacity is up 
130°... and sand casting capacity is now approx- 
imately 200°, more than it was at the start of 
the war in September, 1939. 

In 1937, in order to serve the airplane 
industry more effectively, the Aluminum Co. of 
America bought land in Vernon, a section of 
Los Angeles, and erected on it a sand and per- 
manent-mold factory and forge plant. At the 
start of the war, the Vernon works had a capac- 
ity of 100,000 Ib. of aluminum alloy forgings, 
and 121,000 Ib. of sand and permanent-mold 
castings a month. 

In the spring of 1940, an expansion of these 
facilities was announced, to include an extru- 
sion works and a rivet plant as well. 

Very shortly the sand and permanent-mold 
casting capacity will have been increased to 
093.000 Ib. a month (an increase of 40%), and 
the forging capacity to 150,000 Ib. a month (an 
increase of 390°), while the new extrusion 


plant will be turning out shapes at the rate of 
1.019.000 Ib. a month, and the rivet plant pro- 
du at 70.000 Ib. a month. By March 1942, 
the ging capacity of the Vernon works will 
have been inereased an additional 50,000 Ib. 

e Lafayette, Ind., works of the company 
is also fairly new, having been placed in opera- 
lanuary 1939, 


en hostilities broke out, the Lafayette 


July, 1941; 


works had a capacity of 695,000 Ib. of extruded 
shapes and 122,000 Ib. of tubing a month. By 
October of this vear, the floor space will have 
been increased 413°-, and by December, the 


extruded shape capacity will have been 
expanded to 1,256,000 Ib. monthly (six times the 
capacity in 1939), and tubing capacity will have 
reached 1,034,000 Ib. a month (nine times the 
capacity of 1939). By April 1942, the tubing 
capacity will have been further expanded to 
eleven times the capacity in 1939, 
Doveras B. Hopss 
Publicity Department 
Aluminum Co. of America 


Impact and Hardness Tests 


CoLu MBUS, 
To the Readers of ProGress: 

I would like to comment on the article by 
Gorpon T. Wituiams on the above subject (at 
least that portion wherein he points out the 
diverse opinions of metallurgists in the automo- 
tive industry) in Merat ProGress for May. 

The case of Rieger vs. ALMEN and Borce- 
HoLD has been widely discussed, particularly to 
point out a discrepancy that is erroneously sup- 
posed to exist between the two viewpoints. My 
object in writing is to point out that we have 
a situation here which requires philosophical 
rather than metallurgical treatment. 

Riece. was dealing with failures due to 
inadequate notch toughness while ALMEN and 
BorceHoLp were dealing with failures by fatigue. 
In the former case it is clearly correct that a 
correlation with the notched bar test should be 


Page 69 


J 

4 

4 


found, and in the latter case it is just as clearly 
correct that such a correlation should not be 
found, because non-existent. If ALMEeEN and 
Borcenoip had been dealing with low tempera- 
tures and high normal stresses at the base of 
the tooth which cause a sudden failure instead 
of progressive failure, their results would have 
correlated with Charpy tests rather than with 
fatigue tests. By the same token, if they can 
be sure of having nothing but simple fatiguing 
stresses in their gears (as in springs), they need 
pay no attention to the Charpy values. They 
might also be able to save some money. 

It is conceivable that a metallurgist going 
on instinct or experience will select steels and 
heat treatments that will give him adequate 
notch toughness for his service conditions 
though he does not use the Charpy test, but if 
he finds that he has “brittle” service failures on 
his hands (which indicate clearly that the break 
was sudden and complete) he should look to 
Charpy tests for his answer, rather than to ten- 
sion or bend tests, or fatigue tests. 

S. L. Hoyr 
Battelle Memorial Institute 


Troubles With Stainless Steel 


used as fourdrinier wire 


CAMBRIDGE, MAss. 
To the Readers of Me vat PRroGress: 

The fourdrinier wire industry has standard- 
ized on bronze as the warp or tension member 
of the fourdrinier wire, and on brass as the 
shute or mesh making member. This has not 
been dictated by the lack of a desire to use dif- 
ferent materials, but by experience with the 
inability of other materials to stand up under 
the operating conditions of paper-making. 

Stainless steel has often been proposed as 
an ideal material, but the only successful appli- 
‘ation has been the mixing-in of the steel with 
the bronze warp. Such wires have established 
records of 100° longer life than the all-bronze 
wire (60 days compared to 30 days in continual 
operation). 

However, when the cloth is woven entirely 
of stainless steel, it fails after only a few hours. 
Examination of these wires discloses that the 
failures are of the type discussed by HopGe and 
MiLLer in their paper delivered before the 1939 
Chicago Convention of the @ on “Stress Cor- 
rosion Cracking of the Austenitic Chromium- 


Nickel Steels and Its Industrial Impli: 


ns.” 
HopGe and Minter stated that ethyl 
ferric chloride, and mercuric chloride s 


of wide concentration ranges are definite! effec. 
tive in producing this type of failure. 1 mat- 
ter is also summarized in “Critical Points” jy 
ProGress for August 1939, where other 
causes are noted by other metallurgists, | 
would like to add another medium as proven ty 
have definite effect, namely, paper pulp liquor, 
The annealing treatment necessary ty 
remove the stressed state is practically prohibi- 
tive. The solution to the problem from thy 
standpoint of the wire manufacturer is {hy 
material itself; among other users, the paper 
industry awaits a stainless steel immune to 
stress corrosion. 
Orro ZMESKAL 
Department of Metallurgy 
Massachusetts Institute of Technolog 


Calcium, to Purify Scrap 


New York City 
To the Readers of METAL PROGRESS: 

Metallic calcium, which up to the outbreak 
of the war was available to American customers 
only through importations, achieved a moder- 
ate use in the casting and refining of mag- 
nesium, aluminum, lead and steel. A note on 
this subject was printed in Procress. 
April 1982, by C. L. Manrett and the presen! 
writer. The precipitation hardening of whit 
metals by calcium was also commented upon by 
Paut D. Merica in the issue of January 193. 

Expansion of its use was hindered by lin- 
ited production facilities in Europe. The out- 
break of the war caused the immediate erectio! 
of a domestic plant to produce calcium and it's 
now available in commercial quantities. 

The purpose of this letter is to bring to you! 
notice the advantages of metallic calcium ' 
Almost all 
metals 


reconditioning scrap aluminum. 
aluminum contains alloying 
While the addition of alloying metals to virgi® 
aluminum is_ beneficial, same metals 
when present in the scrap represent impurities 
which every smelter of secondary alun nul 


scrap 


these 


desires to eliminate. 


It has been found that tin, bismuth, on. 
antimony and lead have an affinity for co 1W! 
As calcium compounds these “impurities |!" 


formed are eliminated and enter the slag 
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reat demand for aluminum is caus- 
kind of scrap to be collected for 
ig, even scrap that heretofore on 
its combinations of metals was not 
d worth paying any attention to. We 
hat metallic calcium would be of 
p to those remelting such scrap. The 
if metallic calcium required is com- 
ly small and, therefore, its use should 
economical. 

CHARLES Harpy 


Dopes to Prevent Decarb 


New York Crry 
To the Readers of METAL PROGRESS: 

In “Critical Points” last month the Editor 
discussed the action of copper paints to pre- 
vent decarburization and calls attention to 
the similarities and dissimilarities in the 
operations of bright hardening without decar- 
burization and of casehardening (carburiza- 
tion). He asks the specific question, “Has 
anyone tried to spray the copper on with a 
melallizing gun?” I can answer that the gun 
has been used to a considerable extent to 
mask parts that must be soft after the case- 
hardening operation. 

in practice the parts are roughened by 
blasting and the portions to be hardened are 
covered with masking tape, allowing !, in. 
around edges which are to remain soft. The 
bare portions are then sprayed with copper 
V.010 in. thick, and the masking tape removed. 
Typical results are as shown below. The 
S.A.E. 1020 steel was a 17,-in. bar, and the 
2'.-in. bar of “Max-El 1B” is Crucible Steel 
Co.’s low alloy machinery steel of carburizing 
type (0.20% carbon, high manganese, low 
molybdenum). After carburizing 9 hr. at 
1700° PF. the bars were quenched in water and 
the copper ground off. 

S.A.E. 1020 1B 


HARDNESS 
C-50 to 51 C-38 to 43 


C-67 to 71 C-62 to 65 


id from pot 

cted areas 

d edge of above 
lized at 1650° F. and 
hed from 1450° F. 
ted areas C-20 to 25 
C-59 to 65 


C-30 to 35 
d edge of above C-65 to 67 
such pieces a fairly sharp transition 
irom soft to hard areas, the Rockwell 
Ss increasing 30 to 40 points in a dis- 
C. Rew 
Vice-President 
Metallizing Engineering Co. 


to ly in, 


An Old Metallurgist's Notebook 


New York Crry 
To the Readers of Meta ProGress: 

A recent accession to the library of the Ameri- 
can Iron & Steel Institute is a water-stained vol- 
ume, like a surveyor’s notebook, whose title page 
is photographed below. 

Ramapo Works was built in 1800 in Rockland 
County, New York, just over the New Jersey 
border. Records show that in 1856 it contained 
bloomery fires, double furnaces for making steel, 
a forging hammer and rolling mill. About the 
time GrorGe Nock compiled his book, 1837, spring 
steel was being made. Cast steel was first made 
there in 1854 from scrap steel and iron made in 
its own bloomery, 

Georce Nock does not describe himself in the 
book, but since it contains tables of weights of 
various shapes, methods of charging blast fur- 
naces, sizes of oval plugs for turning rounds in 
guide rolls, speed of rolling mills, descriptions of 
various commercial designations of steel and 
methods of heat treatment, one would suspect he 


was the progenitor of our “sales metallurgist”. 
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A note on railroad rails (“hardened” by tin, 
no less) indicates that even a few vears after the 
Baltimore & Ohio Railroad had laid its first 
track, the Ramapo Works was interested in this 
business. Circa 1910 it was a leading producer 
of special track layouts, switches, crossings, and 
all sorts of track accessories. 

One suspects from the context that most of 
the contents of the book was copied from arti- 
cles or pamphlets Nock had read, and thought 
would be later useful. Much apparently came 
from a current catalogue of Naylor and Co., 
British steel makers. Some excerpts on choice 
of materials and inspection probably will have 
a familiar ring even now. Worthy of repetition 
is his final paragraph, which is still true, no 
matter who wrote it or when: 

“The great secret in steel making is to have 
the courage to be honest, a spirit to purchase 
the best material, and means and disposition 
to do justice to it in the manufacture.” 

Joun G. Mares 


Excerpts From Nock's Book 


Instructions for useing, tempering and hard- 
ening cast and other kind of steel. 

The manner of useing Blister Shear, Fagot and 
German Steel is so well known to every smith that 
it is needless to say much about them. The knowl- 
edge of useing cast steel is vet rather limited 
as this steel is the best for num- 


in extent and 


/ 
cad UL dtc 


mote 
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berless purposes I give the following ins 


ions 

A very clean fire is allways necess per- 
fectly free from slag and dirt. The greg car 
requisite in useing is never to heat the | to 
hot. If once overheated it will throw oy parks 
and it is perfectly spoiled. If the burned part jx 
broken the fracture will appear silvery and ship. 
ing round the edge. A white heat must allways jy 
carefully avoided. Great care must be | en { 
increase the heat gradually; if foreed too much 
with the bellows the outer surface is made ho) 
before the center, and if hammerd in this stat, 


the steel will be liable to crack. Never heat eas 
steel hotter than a bright Cherry Red by day ligh 
When 
finishing the forging continue to hammer planish 


or approaching to a white if in the dark 


until it is a black heat. This condenses the grain 
and improves it much for a cutting instrument 
but even here if hammerd too much at the black 
heat, fire cracks in hardening will be the conse- 
quence. 

To Harden and Temper Cast Steel. Por hard- 
ening cast steel, heat it to a Cherry Red as aboy 
and then plunge it into cold water: hard water js 
best. This makes it appear a dull dead white and 
is as hard as it can possibly be made. 

To Let Down or Temper After Being Thus 
Hardened. Ut the article is large lay it on a slow 
coke or chareoal fire turning it over occasionally 
You will perceive the white color gradually chang 
to a yellow then brown and purple and finally 
dark blue color. In this last state the steel is quit 
soft and may be filed easily. The general heat | 
tempering edge tools axes and etc. is between th: 

brown and purple, say 
when purple spots begi 


— to appear or about 60) 
, | Fahrenheit’s thermony 

ter. When the artich 
attains the color which 

indicates the necessary) 


heal 


temper, plunge if again 


in cold water withdraw- 


ing it instantly and lay 
it down to cool gra 
ually. When cold it wil 


be ready for us¢ 


it is an edge tool will b 
ln A fo terete Mico oft) If the article whieh 
A ° > is dis 
very small, the bes 
We + for The “ser % process will be | he 
, a full red heat. 
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«| color appears on it. Then emmerse in 
ithdrawing it instantly, and lay it down 
if the article has a very fine edge, as a 
etc., it is best to lay the thick part back 
n, edge upwards. If the edge is allowed 
the iron bar, it will become soft before 
the k part is sufficiently lowered in temper. 
he perly tempering of steel is of the utmost 
nee and constitutes the chief value of edge 
id cutting instruments. 


Nock on Inspection 


the best steel that can possibly be used for 
all and every purpose where a good article is 
intended to be made is decidedly cast steel in some 
of its sundry qualities which by proper manage- 
ment certainly excels every other kind and may 
justly be said to be the perfection of steel. 

In the choice of steel bars there are a variety 
of opinions as to the best mode of ascertaining 
their comparative qualities. Some persons pretend 
to define this by suspending a piece of steel on a 
string and striking it with another, then accord- 
ing lo the sound produced give their opinion of 
its merits. This is an incorrect method as the dif- 
ferent density of the grain in sundry parts of the 
bar will very materially alter its conducting capae- 
ity for the reverberations of sound. This may also 
be affected by the smallest imaginable crack being 
perhaps at one end or near one end, too small to 
be perceived by the eye and yet amply sufficient to 
interrupt the uniform reverberations. 

Other smiths in order to try the quality of a 
piece of steel will harden 


it and then fixing one 

end firmly will weight — 
the other end until it 

either breaks or sup- 

ports a certain weight. / 
This method is not a 
correct eriterian to A Cte & of 


judge by as much will 
depend on the compres- 
sion of the grain either 


Ms ¢ 


/ 


On long experience, Naylor & Co. consider the 
best test of steel or the quality of steel is its 
appearance on breaking a bar. If the well known 
uniform steel-gray surface is exhibited, free from 
white or silvery specks, and the fracture is tough 
conchoidal not short or brittle —— an artizan may 
purchase it with confidence as being good steel. 
To examine for flaws, fix one end of the bar firmly 
and with a powerful winch at the other end sub- 
ject it to tortion and then reversion. If there are any 
longitudinal flaws they will now be exhibited. To 
search for transverse flaws subject the bar to 
extensive flexure on each plane of the surface. If 
these kinds of flaws exist they will now be ren- 
dered visible. 

Naylor on Steel. In the cementation of blister 
steel they use a pyrometer by which they regulate 
the specific heat necessary for each quality of steel 
and maintain it uniformly for any length of time 
in their furnaces, thus securing an invariable 
Their 
steel was some times complained of for being 
Nawy and unsound, Analytical inquiry has exhib- 
ited the facts that these faults are caused by refrac- 
tory internal surfaces of the blisters which are 


equality of temperament throughout. cast 


produced during the process of cementation. In 
refining their steel, Naylor has introduced a 
reagent into their melting crucibles which reduces 
these ferruseted eyanides to simple carburets and 
The heat 


steel is fused for casting ts 


thus produces a perfectly sound steel. 
at which their cast 
so perfectly uniform that all the ingots are as one 
in grain and texture and cohesion and all car- 


bureted in the same proportion. 
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Wrought Iron Viewed as an 


iron-phosphorus alloy 


PirTsBURGH, Pa. 
To the Readers of ProGress: 


You may be interested in having the views 


of one long associated with a large manufacturer 


of genuine wrought iron in America on the sub- 
jects considered by O. A. Tescue in his letter of 
the above tithe in Merat Progress for March. 

We are in agreement that until the long 
existing rivalry between wrought iron and steel 
is definitely settled by future generations, efforts 
should be made to establish facts and support- 
ing data by laboratory tests. In this vein of 
thought, we do not believe, as some are prone 
to do, that the laboratory evidence thus far 
established necessarily tells the whole story for 
evaluating materials for service. Usage experi- 
ence should, and we think always will, be a 
guide for the selection of materials. 

Consider in this connection the history of 
laboratory fatigue testing: The earlier work 
developed data displaying endurance limit 
values when tested in dry air. Later testing 
showed that endurance values obtained by test- 
ing pieces bathed in mildly corroding liquids 
gave different values. Recently, the deciding 
effects of notch and damage by overstrain have 
been isolated by laboratory tests. Hindsight is 
better than foresight, and these later develop- 
ments in evaluating the simultaneous effects of 
corrosion, notch, and overstrain on fatigue 
values certainly make it crystal-clear today how 
far wrong we could have been if the laboratory 
data covering fatigue testing in air were used as 
a sole and definite yardstick for evaluating 
materials for services where fatigue is involved, 
coupled with corrosion, nick effects, and occa- 
sional overstrain. The question may well be 
asked: Have our laboratory tests and investiga- 
tions up to the present time uncovered all the 
essential phases which may have a bearing on 
behavior of metals in services involving fatigue? 

Our thoughts with reference to phosphorus 
do not seem to agree with those of Mr. Tescue. 
Admittedly, the phosphorus (that portion not 
identified as P.O; in the slag component) is 
alloyed with the metal. However, in this respect 
the phosphorus in wrought iron is no different 
in its alloving behavior or effects than phos- 
phorus in mild steel. There does not seem to be 
any substantial reasons for believing that what- 
ever merits wrought iron may have, they are the 


result of this iron-phosphorus relations| In 
this connection, the dilatometer curves hie} 
have been used as supporting evidence may 
show that wrought iron with 0.17% phos» horys 
does have a more suppressed alpha-comma 
transformation than ingot iron with phos) orus 
under 0.01, but does it necessarily follow that 
the relative suppression of alpha-gamma trans. 
formation is an index of toughness or corrosion 
resistance? 

In conclusion, we would like to call attey- 
tion to the opening sentence of Mr. Trscup’s 
letter, in which he says “wrought iron has all 
but disappeared from the American industria] 
scene’; but in his country (Transvaal) it is stil] 
Either he 
does not keep posted on American production 


a metal of industrial importance. 


statistics or the production of wrought iron in 
Transvaal is far beyond our fondest dreams. 
Our company alone produces 100,000 or more 
tons of wrought iron annually. 
Epwarp B. Srory 
Supervisor of Chemical and 
Metallurgical Departments 
A. M. Byers Co. 


Prize Papers on Arc Welding 


CLEVELAND, 
To the Readers of METAL PRroGress: 

I have noted with interest the announce- 
ment by the Summerill Tubing Co. of Bridge- 
port, Pa., of the establishment of a series of 
prizes for papers to advance the art of welding 
of aircraft steels, including tubing and other 
steel parts for tubular assemblies. 

My purpose in writing you is to point out 
that papers submitted in the Summerill contest 
will also be eligible in the $200,000 Industrial 
Progress Award Program which is being spon- 
Lincoln Are Welding 
Foundation, provided of course that such papers 


sored by the James F. 


comply with the Foundation’s rules and condi- 
tions as regards subject matter and form. 

It is conceivable that a paper entered in the 
Summerill contest would be written in such @ 
way as to be acceptable in the Lincoln Program 
If it is not acceptable as written, the author, ) 
a few changes or additions, could make if °ot- 
form to the Foundation requirements. 
itv in the two projects should provide ac ‘ed 
stimulus to the study of welding in the a 
field. Ep C. Powers 

Assistant Secretary 
The James F. Lincoln Are Welding Foun 
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Heat checking usually causes failure of cast iron 
brake drums on buses — trucks — airplanes — railway 
equipment. Meeting the situation by raising the total 
carbon is often incompatible with the strength re- 
quirements. 

Adding about 0.50% Molybdenum permits both a 


heck resistant base iron brake drums_ 


higher total carbon and the required strength. Chro- 
mium and vanadium additions help improve the high 
temperature strength. 

Write for technical book “Molybdenum in Cast 
Iron” for details on brake drum irons and other 
Molybdenum irons and their applications. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 
MOLYBDIC OXIDE BRIQUETTES FOR THE CUPOLA—FERROMOLYBDENUM FOR THE LADLE 
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PERSONALS 


E. J. Hergenroether @ has 
resigned as metallurgist, Detroit 
Field Office, 
Research Division, International 
Nickel Co., Ine., to join the staff 
of the Conservation Section, Pro- 
duction Office of 
Production Management, Wash- 
ington, 


Development and 


Division, 


A. F. Dohn @&, formerly vice- 
president in charge of toolsteel 


sales, Allegheny Ludlum _ Steel 
Corp., has retired from active 
business interests but will con- 


tinue in a consulting capacity as 
a vice-president of the company. 


C. R. Cox @, formerly vice- 
president in charge of operations, 
National Tube Pittsburgh, 
has been elected executive vice- 


Co., 


president. 


The ¥IRST 
CUTTING 
COMPOUND 
Develoned Especially 
for 
CARBIDE 
and ather 
VERY HIGH SPEED 
CUTTING TOOLS 


7* rapidly increasing use 

of carbide and other high 
speed tools emphasizes the 
immediate importance of this \ 


STUART'S SOLVOL Liquid Cut- 


SOLVGL 


AQUAMIX | 
Liquid Cutting Compound 
Try It Quichly and See 


\ 


iginal type of cutting fluid. / 
original typ g D y y 


ting Compound was developed 


pecially for this exact condition. Where 
operations run “too hot” for properly applied 
straight cutting oils — and where ordinary soluble 


cutting oils or soluble paste compounds fail to 


produce satisfactory finish or tool 
place for this original Stvet O 


WIRE TODAY for working sample — FREE to 
cern working on defense orders. To assure 


please tell us name of part, stock, machine and cutting operations. 


For All Cutting Fluid Problems 
D. A. STUART OIL CO. 


Chicago, U.S.A. LIMITED 


Worehouses in All Principal Metol Working Centers 


life — that’s the 
it development. 


any industrial con- 
proper application 


° Est. 1865 
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Frank T. Sisco ©, | 
editor of the Alloys 
Research of the Eng 
Foundation, has been a; 


erly 
lron 
ring 
nted 
iner- 
and 


assistant secretary of th 
ican Institute of Mini 
Metallurgical Engineers 
retary of its Iron and Sj 
Institute of Metals Divisio 
ceeding Louis Jordan ©, 
now in the Government 
in Washington. 


sec- 
and 
SUc- 
ho is 
rvice 
John S. Marsh 
©. formerly physical metallurgist 
and associate editor of Alloys 
of Iron Research, is now editor. 
succeeding Mr. Sisco. 


Francis T. McGuire ©, teach- 
ing fellow in the department of 
metallurgy at University of Notre 
Dame, the 
Doctor of Philosophy, and is now 


received degree of 
assistant professor of metallurgy 
in the University of Kentucky, 
Lexington. 


H. E. Doughty @ has been 
appointed manager of the recently 
established Philadelphia branch 
of the Jessop Steel Co., Washing- 
ton, Pa. 


Herbert J. Braun ©, formerly 


with Foote Bros. Gear and 
Machine Corp., Chicago, has been 
appointed Detroit sales represen- 
tative Metals Co., 


Latrobe, Pa. 


for McKenna 


Transferred by Carnegie-Illi- 
nois Steel Corp.: G. A. White- 
hurst @, from Chicago district 
industrial engineer to assistant to 
chief engineer of the company in 
Pittsburgh. G. S. Mican tor- 
merly superintendent of  struc- 
tural and mills 
been appointed assistant division 
superintendent of rolling a: Car- 
negie-lilinois’s South Works 


blooming has 


Joseph Wesley @ has res gned 
as plant metallurgist, ¢ 
Motors Truck & Coach D1 
Pontiac, Mich., to take a p 
as industrial 

Metal Cleaning 
Ford Sales Co., 
York State territory. 


eral 


engineer 
Division, 


covering New 
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AND ONE HASN'T... 


IF YOU HARDEN SPRINGS, 
STAMPINGS, OR SIMILAR 
PARTS —CHECK THESE SAVINGS! 


V Cuts Production Costs: Actual tests 

show Hydryzing increases production of small 

parts as much as 85% because of simplified 

handling. 

\V Speeds Production: No sandblasting 

and no cleaning. No waiting or lost time while 
rts are being shifted to other departments 

leaning Operations. 


\ Better Appearance: Sandblasting or 
pickling always pits surfaces of work, however 
nutely. Hydryzed work has original smooth 
ny surface so that plating is smooth and 
is. Less buffing is needed to produce 
iustre, 


\ No“ Soft” Work to be Rejected: 


iryzed parts are fully hard because they 
mpletely protected, while in furnace, 
t loss of carbon. Also, their clean, scale- 
irfaces receive full benefit of quench 
ng uniform hardness on every lot. 


OF THESE SPRINGS 
44S BEEN HARDENED 


Does your production involve the hardening of springs, stampings, screw machine 
parts or other such small to medium size items? If so, you've probably wondered 
how you could harden those parts without scale or discoloration. You can! And 
not only harden them without scaling or discoloring, but harden them bright, so 
bright that you can place an unhardened piece beside one that has been hardened 
and not be able to tell which is which. Hundreds of thousands of springs and 
other parts are being BRIGHT HARDENED every day by means of the 
Hydryzing Process, and because Hydryzed parts come from the quench with 
their bright original finish, hundreds of dollars are being saved each week in the 
elimination of sandblasting and other cleaning costs. Consider the savings 
Hydryzing will make in your plant, in time, in labor and cleaning supplies p/us 
the greatly improved appearance of the parts over those hardened by older 
methods. Just drop us a note and we'll send a packet of Hydryzed samples and 


descriptive literature. 


Lindberg Engineering Company 


228 North Laflin Street ° Chicago, Illinois 


CYCLONE FOR TEMPERING 
HYDRYZING FOR HARDENING 


PAS 
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C. B. Voldrich ©, formerly 

= associate materials engineer, 
| E R 5 O N A L. 5 Office of Supervisor of Shipbuild- 
ing, U.S.N.. Newport News, Va., 


John A. Comstock & has been is now welding engineer at Bat- 
made metallurgist, Pratt & Whit- telle Memorial Institute, Colum- 
ney Aircraft Division, United bus, Ohio. 

Aircraft Corp., E. Hartford, Conn. 
Norman L. Deuble &, formerly 
a Transferred by General Screw assistant to vice-president, Cop- 
A ieee Mfg. Co.: E. G. Wertheimer ©, perweld Steel Co., Warren, Ohio, 
cane metallurgical and sales engineer, has been appointed manager of 
to the main plant at Chicago. sales. 


1. UNUSUAL DUCT ITY. 


' Speed Case can. be riveted, 

flared, bent or cold worked similar 

to other low carbon open hearth 
3 aan steels such as SAE X1020-X1314-15. 


SMALLER INVENTORY 


Due to Versatility of Speed Case 


5. CARBURIZING. 


Licensee for Eastern Stotes 


THE FITZSIMONS COMPANY 


YOUNGSTOWN, OHIO 


Licensor 


MONARCH STEEL COMPANY 


HAMMOND INDIANAPOLIS CHICAGO 
PECKOVER'S LTD., Toronto, Canadian Distributor 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS 
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Appointed to Allegh: Lud- 


lum Steel Corp.'s new! rmed 
Committee for Consery n of 
Strategic Materials: V. B. ywne. 
vice-president in ch e of 


research; C. A. Scharschu. direc. 
tor of research and m urgy 
(both at the Brackenrides, 
plant); R. P. De Vries & ang 
W. R. Breeler @, associate direc. 
tors of research at the Waloerylies 
and Dunkirk, N. Y., plants ‘Spec- 
tively. 


Promoted by Stoody Co. 
Whittier, Calif.: J. R. Spence 6. 
from industrial sales and research 
manager to general sales man- 


Alden F. Erikson ©, district 
manager of sales for Wyekofl 
Drawn Steel Co. in the Boston 
and New England territory, has 
been called for active duty as 
major, 68th Coast Artillery Anti- 
Aircraft Regiment. Theodore ( 
Cederholm, formerly with th 
Hawkridge Brothers Co., has been 
named to succeed Major Eriksor 
as district sales manager 


Fred J. Kuder @ is methods 
engineer with Seaboard Commer- 
cial Corp., New York City, acting 
as chief inspector at Samson 
United Corp., Rochester, N. Y. 


John R. Fulton ©, former!) 
in the Detroit office of Wheelock, 
Lovejoy & Co., Inc., is now assist- 
ant to the vice-president at the 
main office in Cambridge, Mass 


Edwin T. Myskowski now 
employed in the Division of Phys- 
ical Metallurgy at the Naval 
Research Laboratory, Anacostia 
Station, Washington, D. ¢ 


W. C. Dyer @, former'y 


ployed in the Metallurgica: ane 


Inspection Department the 
Colorado Fuel and Iron 
Pueblo, Colo., has aceepied 
position with the War 


ment, St. Louis Ordnance 
trict, in charge of inspec’ 02 
ordnance materials in the —uls% 
Okla. district. 
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SPEED CASE STEEL 
= 
‘A LOW CARBON OPEN HEARTH PRODUCT 
NOTE! 
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sialized knowledge steel 


11T now a little information can be 
R nighty valuable. Whether you are working 
on defense orders or are trying to meet the de- 
mands for domestic consumption, you can’t help 
but be aware that the steel picture is changing 
rapidly. Especially is this true of alloy steels 
where a new resourcefulness has been required 
to meet admittedly dithcult situations. 

As a result, less familiar but not unproved 
alloying elements are being increasingly em- 
ployed. Of these, certain elements which have 
heen growing in use steadily during the past 
decade are now apparently destined to play an 
ever more dominant role. 

Facts like these —and the urgent demands for 
production today— call for a re-examination and 
re-orientation of your alloy steel set-up. It may 
make imperative some revision of shop practices. 
It means that new methods of doing some jobs 
must be discovered. 

Ilere’s where the specialized knowledge of 
our metallurgical contact staff can help you, 
These men know metals. They are working 
right on the firing line where the smoke of pro- 
duction is thickest. They are prepared to help 
vou work with the materials available. And they 
can help you make the most efficient use of exist- 
ing plant facilities. It’s a tough job to work out 
alone— we'll be glad to cooperate on it. 


CARNEGIE-ILLINOIS 
STEEL CORPORATION 


Pittsburgh and Chicago 


Steel Company, San Francisco, Pacific Coast Distributors 
United States Steel Export Company, New York 
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PERSONALS 


Transferred by the Bristol 
Co.: Donald C. Sanford &, from 
sales engineer in Philadelphia to 
resident sales engineer for the 
State of Connecticut. 


Emery B. Gebert @ is em- 
ployed by the Amplex Division, 
Chrysler Corp., Detroit. 


James S. Rennick @ has been 
promoted from tool supervisor, 
Homestead Steel Works, Car- 
negie-Illinois Steel Corp., to treat- 
ment foreman, U. S. Naval 
Ordnance Plant, Charleston, W. 
Va., operated by Carnegie-Illinois. 


Robert Brown ©, formerly 
with Emsco Derrick & Equipment 
Co., is now working in the engi- 
neering department of Unit Rig 
& Equipment Co., Tulsa, Okla. 


HARDEN YOUR HIGH SPEED TOOLS 


You don't need a chemist to maintain correct hardening atmos- 
phere. You can get it in a package —in the Sentry Diamond Block — 
always correct — always safe, even for molybdenum or cobalt steels. 


Correct atmosphere automatically controlled in a Sentry Furnace 
with Sentry Diamond Blocks will harden your most intricate tools with- 
out scale, decarburization or reduction in size. Finish before hardening 
—all cutting edges will be faithfully maintained |! 


Learn how you, too, 
can get perfect hard- 
ening economically. 
Write for Bulletin 
No. 1019-3B. 


G. E. F. Lundell, chief, je). 
istry Division, National eau 
of Standards, Washingto 
has been elected president | { the 
American Society for Testing 
Materials. E. W. Upha 
chief metallurgist, Engincering 
Department, Chrysler Corp, 
Detroit, has been elected as 4 
member of the Executive Com. 
mittee. 


Joseph B. Kushner, meta! 
finishing consultant and engineer, 
has moved his offices and labora- 
tories to larger quarters at {14 E, 
32nd St., New York City. 


Carl B. Christensen ©, for- 
merly in the Research Division, 


Talon, Inc., is now in charge of 
production for Casco Products 
Corp. defense program. 


Everett C. Westerfield & 
now in charge of the Physical 
Testing Laboratory at the Long 
Beach plant of the Douglas Air- 
craft Co. 


J. A. Snyder @ has left the 
University of Illinois and is metal- 
lurgist, Technical Division, Engi- 
neering Department, E. I. du Pont 
de Nemours & Co., Wilmington, 
Del. 


Robert S. Harper &, former!) 
with Farrel-Birmingham Co. 
Ansonia, Conn., has been called 
to active duty at the Naval Gun 
Factory in Washington, D. ©., as 
assistant to inspector of mate- 
rials. 


Milton Wilker former! 
tool designer with Rochester 
Products Division, General Motors 
Corp., is now with Air Associates, 
Inc., Hasbrouck Heights, \. J. 


// 


Size No. 1, Model “Y” 
Patent No. 2,126,454 


For Bench Mounting 


working on the design of smal! 


motors for aircraft applical ons 


James Colasanti @ has cen 
called to active duty as Ist 
tenant, Ordnance Depart) ent. 
and is stationed at the D ve! 
Sub-Office of the St. Louis 
nance District. 


FOXBORO, MASS.,U. s. A. 
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BOOKS 


I; IS impossible to carry a complete 
knowledge of metals in your head. 


it is possible to have books in your 
library which cover many phases of 
your industry completely and well. 


The books listed below do just that. 
Look them over and then write for 
complete details. We'll be glad to 
tell you more about them. 


Carburizing Symposium 
Open-Hearth Steel Making 
Engineering Alloys 

Book of Stainless Steels 
Physical Testing of Metals 
Stee! Physical Properties Atlas 
Metallurgical Dialogue 
Principles of Heat Treatment 
Tool Steels 

The Quenching of Steels 
Grain Size Symposium 


Application of Science To the 
teel Industry 


Lectures On Steel and Its Treatment 


Heat Treatment, Uses and Properties 
of Steel 


Nitriding Symposium 
Constitution of Steel and Cast lron 
Inclusions In lron 


Metals Handbook 


address your inquiry to the 


AMERICAN SOCIETY 
FOR METALS 


7301 Euclid Avenue 
Cleveland, Ohio 


- 
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HIS NEW contribution to your conve- 

nience is a printed chart — showing 
the analysis requirements of 17 Army and 
Navy specifications for Carbon Steels. 
Compiled by Frasse Technical Service, 
it saves the time lost fishing through in- 
dividual “specs”— enables you to identify 
the specified steel at a glance. 

Chart shows Government specifica- 
tion numbers, and detailed chemical 
analysis of each class. Also lists specified 
forms (bars, wire, etc.) and the corre- 
sponding SAE number. It's printed on 
tough cardboard, regular file card size— 
can be filed, tacked on wall, or slipped 
under glass to keep it at your fingertips. 
It's free, of course —as is Frasse assist- 
ance on any problem involving mechan- 
ical steels. 


Below, for instance, are 5 additional 
ways in which Frasse can help you 
cut corners and save lost motion. 
Frasse is fuily qualified to assist you 
— hundreds of case histories are on 
file... open to your inspection . .. to 
prove the point. 

Make your job an easier one! Send 
the coupon for this helpful chart 
today —and to further lighten your 
buying, production or designing 
task, use a// the help you can get. If 
it’s a question on mechanical steels — 
ask Frasse. Peter A. Frasse and Co., Inc., 
17 Grand St., New York (Walker 5-2200) 
+ 3921 Wissahickon Ave., Philadelphia 
(Radcliff 7100, Park 5541) - 50 Exchange 
St., Buffalo (Washington 2000) + Jersey City, 
Hartford, Baltimore, Rochester, Syracuse. 


STEEL 
PRIORITIES 


DELIVERIES « 
PRODUCTION 
“BUGS” 
MILL 
SHIPMENTS 


Service help you find one 


for the asking 


IF IT’S A QUESTION ON MECHANICAL STEELS— 


Let Frasse help on the details: Your preference rating, what forms to file, 
when required, where to file 


BLOCKED 9 A more available substitute may save weeks for you. Let Frasse Technical 
Frasse gy are experienced trouble-shooters. Their assistance is yours 


To cut detail work, let Frasse handle your mill orders. Service Department keeps 
you informed, handles all routine follow-up, etc. No time lost, no extra cost. 


SUBSTITUTES ? Complete data on unfamiliar grades furnished without obligation 
ask Frasse! 


CD Medenical 


SEAMLESS AND WELDED TUBING 


STEELS + C.R. STRIP AND SHEETS 


Peter A. Frasse and Co., Inc., 17 


Steels, Sec. E, No. 1. 
NAME 
ADDRESS 
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+ STAINLESS STEELS - COLD FINISHED BARS - 
TOOL STEELS 


Grand Street, New York City 


Please send me a copy of your latest Government Specification File Chart on Carbon 


FIRM 


U 2s” 
Aveivinsany 


SAE ALLOY 


DRILL ROD MUSIC WIRE 


! 
! 
! 


| 
j 
| 
ore 
a 
|: 
: 
ae 
™ 


PERSONALS 


Transferred by Handy & Har- 
man: A. M. Setapen @, from the 
Bridgeport, Conn., plant, where 
he has been in charge of the activ- 
ities of the American Silver Pro- 
ducers Research Project, to the 
New York 
development engineer in the In- 
dustrial Engineering Division. 


office as sales and 


Transferred by Youngstown 
Sheet & Tube Co.: E. G. Brick @, 
from Detroit District Office on 
metallurgical contact and devel- 
opment work to the Alloy Sales 
Office in Chicago. 


Kenneth A. Stroble &, sales 
engineer, Latrobe Electric Steel 
Co., Detroit, is now Ist lieutenant, 
Ordnance Department, stationed 
at Springfield Armory as assistant 
to officer in charge of production. 


AMPCO 


tHe 


BRONZE ALLOY 


in Defense Industries 
In aircraft construction —in the machine tool industry } 

—in countless items of equipment vital to the national 1 

defense program — AMPCO METAL is considered ws 
essential for parts subjected to severe stress, wear, | 

impact or corrosion—wherever “Metal Failure” may 

be a problem. 


This alloy of the aluminum bronze class is unique in 


its physical properties. There are six grades, with hard- 
ness to 352 Brinell, tensile strength to 105,000 lbs. 


per sq. in., compressive strength to 65,000. 
Write for engineering data sheets. 


AMPCO METAL, INC. 
Dept. MP-7 Milwaukee, Wis. 


MACHINE TOOLS 
... leading manufac- 
turers standardize on 
AMPCO METAL be- 
cause of its stubborn 
resistance to wear, 
“squashing out’’ on 
shock loads. 
AIRCRAFT PARTS 

. & representative 
group of AMPCO- 
MADE aircraft parts, 
all precision machin- 
3 ed by AMPCO. 
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George E. Linnert © left 
Republic Steel Corp., Chic so, ty 
accept a position as met rgist 
with the Rustless Iron ar Stee 
Corp., Baltimore. 


Transferred by Internationa) 
Harvester Co.: P. H. Daily @ 
assistant metallurgist, from the 
Farmall Works, Rock Island, [I]. 
to the West Pullman Works. 
Chicago. 


Clarence W. Fabel @ has been 
transferred from assistant metal- 
lurgist, Naval Gun Factory, 
Washington, D. C., to associate 
materials engineer, Materials Sec- 
tion, United States Maritime Com- 
mission, Washington, D. C. 


N. C. Fick @ has been trans- 
ferred from the United States 
Steel Corp. Research 
tories, Kearny, N. J., to the Metal- 
lurgy Department, Gary Works 


Labora- 


Carnegie-Illinois Steel Corp. 


Bernard R. Queneau 6, assis'- 
ant professor of metallurgy, 
Columbia University, has been 
given a leave of absence to go on 
active duty with the Navy, as- 
signed to the U. S. Naval Proving 
Ground at Dahlgren, Va. 


Arthur N. Armitage eng!- 
neer of tests, Columbia Stee! Co., 
Torrance, Calif., is on extended 
active duty as Major at Water: 
town Arsenal. 


Bruce E. Warner @ has been 
ordered to active duty with the 
68th Coast Artillery at 
Edwards, Mass., acting as exect- 
tive officer of “G” Battery. 


Camp 


William H. Snair former) 
with American Can Co., Researeh 


Department, Maywood, III, has 
been called to active duty ist 
lieutenant, Ordnance Depar!inent. 


serving at Springfield) Aroory 
Springfield, Mass. 


Robert F. West 
draftsman, Newport News 
building & Drydock Co., Ne. por! 
News, Va. 
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IN A MAINTENANCE SHOP - 


For over nine years the Norfolk & Western Railway has used 
a Hevi Duty Electric Car Type Furnace at their Roanoke 
Shops for many of the varied heat treating operations 
required in railroad maintenance work. The flexibility 
and accuracy of this furnace has done much to keep costs 
low. Write for descriptive bulletins of Hevi Duty Furnaces. 


EVI DUTY ELECTRIC COMPANY 


HEAT TREATING FURNACES PMREWE=DHEY ELECTRIC EXCLUSIVELY 
MILWAUKEE, WISCONSIN 
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Save Up to 50% on Gas Bills! 


JOHNSON 
FURNACE 


No. 570 


Ss pays for itself by 


saving up to half the 

gas of ordinary units 

- yet it produces maxi- 
mum temperatures quickl*! 
Use the furnace for eco- 
nomical lead, cyanide and 
salt hardening, zinc, alu- 
minum and _onickel-silver 
melting. The correct place- 
ment of the four burners 
in this model gives a fast 
rotary flame, and uniform 
high temperatures. Strong- 
ly constructed, with shields 
heavily lined with insulat- 
ing refractory, for eco- 
nomical operation. Tool, die, and pattern makers 
and plants, use this furnace for case-hardening 
and melting. Equipped with G. E. Motor, large 
Tempera- 
Available in other sizes. 


Johnson Blower and steel pot 14°x20”. 
ture is easily regulated. 
Write for prices. 


FREE 


New 20-page Catalog of Johnson 
Gas Appliances. Write for yours 
teday! 


604 E Ave. N. W., Cedar Rapids, lowa * 


@ ~ 


PURE CARBIDE-FREE 


Tungsten Powder . . . . 97-98% 
Pure Manganese .... 97-99% 
Ferro-Chromium .. . .- 60% 
Pure Chromium. . . . . 98-99% 
Ferro-Tungsten . . . . . 75-80% 
Ferro-Titanium .... .- 25% 
Ferro-Vanadium .... 35-40% 


(1% Silicon) 


Send for Pamphiet No. 202! 


Metal & Thermit Corp. 
120 BROADWAY, NEW YORK, N. Y. 


Albany * Pittsburgh + Chicago * South San Francisco + Toronto 
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(Continued from page 42) 


the change of shape now occurring when the 
drawn section is pre-stretched. Other future 
possibilities may be the use of extrusions pre- 
stressed by the aluminum mills and by the use 
of 24S-T or 24S-RT strip stock for rolled see. 
tions. The latter is beyond the promotional and 
design stages, since manufacturers claim that 
the bend radii necessary for aircraft sections 
can be obtained on modern rolling machines. 
The chief hitch now appears to be the shortage 
A price differential 
of 6¢ per lb. now exists on 24S-T stock, and the 


and high cost of the stock. 


24S-RT strip, while not now available commer- 
cially, can be delivered on 3 months’ notice at a 


premium of 25¢ per Ib. (Rapidly changing 


prices and deliveries may now have affected 
these figures.) 

We, at Consolidated Aircraft, now pre- 
stretch our drawn structural sections to 3!.' 
permanent set on the straightening jig almos! 
as rapidly as we could straighten them to !o% 
and with negligible extra cost. Could not the 


aluminum manufacturers do this same _ pre- 
stretching in the straightening operation? || 
would thereby provide an old material with new 
properties and an _ increased strength-weighit 
ratio. 

The expectations I have tried to build up 
might crumble a litthe when one recalls Table | 
showing that the 50,000-Ilb. airplane has only 
1500 Ib. of drawn structural sections, and 9) 
lb. of extrusions. It must fairly be stated thal 
the weight saving may be only 10% of this 
2000 Ib., or 200 Ib. 
1/10-lb. increments in weight reports, vet th 
Army and Navy Air Services may, at the same 


time, add 50 Ib. of fixed equipment or anothiet 


Engineers now worry abou! 


crew member as afterthoughts! 

When can “cold working’, as discussed 
above, be justified? Possibly only when weigh! 
control is as important on each unit of ay alt- 


plane as it is now considered to be in aircralt 
structures, 

In summary, therefore, it is believed 
dent, by the foregoing experiments and 


production use, that the pre-stretching of « uml 
num alloy shapes and extrusions is a pr 
production procedure, affecting a materia 
in physical properties and weight saving, 
out loss in factory assembly time. 
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YEAR FOR EVERY 
INDUSTRIAL PURPOSE 
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Your job these days may make a dog's life 
seem downright attractive. But getting production 
ata profit is a lot easier in some plants than others. 


That's why the great majority of America’s newest 
steel mills, the leading producers in the automo- 
tive, non-ferrous, textile, ceramics and food in- 
dustries today employ the Industrial Carburetor. 


Fuel savings of 15 to 40 per cent are the rule 
wherever Kemp equipment goes to work. Let us 
outline for you the scope of Kemp services and 
suggest what you may expect of Kemp in your 
job. Address The C. M. Kemp Manufacturing 
Company, 405 East Oliver St., Baltimore. Md. 


KEMP BALTIMORE 
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SIAINLESS 


(Continued from page 62) 
Scruff from 
will 


is possible to do so. 


metal working tools later 
cause discoloration. Any foreign 
material adhering to the surface 
can under conditions aid 
in the destruction of the passive 
film the 


corrosion resistance of stainless 


some 


surface necessary to 


After and 
other cleaning, a dip or a scrub 
with nitric acid is the best final 
operation. 


steel. degreasing 


Mechanical work, such as 
machining and bending that 


result in the cold working of cer- 


tain areas of metal and leave 
these cold-worked regions in 
contact with relatively —strain- 


free areas, may set up internal 
stresses that enhance corrosion, 


sometimes in rather mild = sur- 


DURALOY 


CHROME - 


CASTINGS 


A reaction chamber for a chem- 
ical plant consisting of centrifu- 
gally cast tubes welded to stati- 
cally cast parts into the assembly 
as illustrated! The unit weighs 
some 2200 pounds. 

Such high alloy castings are 
out of the ordinary o :d are indica- 
tive of what Duraloy experienced 
metallurgists and foundrymen can 
do. We have at Scottdale, Pa., 
one of the most modern chrome- 
iron and chrome-nickel foundries 
in the country. Electric furnaces, 
sand control facilities, sand-blast- 
ing equipment, heat treating fur- 
naces, complete machine shop... 
everything to turn out sound cast- 
ings, finished to any degree de- 
sired. 

Make Duraloy your source of 
supply. 


NICKEL 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 
Eastern Office: 12 East 4lst St.. New York. N. Y. 


Detroit Scranton, Pa. St. Louis Los Angeles 
The Duraloy Co. Great Western Steel 
of Detroit Coffin & Smith Metal Goods Corp. Company 
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roundings. Cold wo; 
therefore be followed } 
ing in order to relieve | 
and 
sion resistance. 


hould 
ineal- 
ed-up 
insure he 
This, 
is not necessary in all ¢ 


stresses 
vever, 
itions 
of service. 

In Types 308 and 317 
into the range of tem, 
from 800 to 1600° F. 
the precipitation of 
carbides in the metal, t) 


eating 
atures 
ilts jp 
more 
the longer the metal is in tha 
range of temperature, and rep. 
ders it correspondingly suscepti- 
ble to 


under some severe conditions of 


intergranular corrosion 


service. 


In closing, it might be well t 
refer briefly to a new develop. 
ment which might be of som 
value to the paper industry. Due 
mainly to the ease of fabrication, 
the austenitic alloys such as No 
308 and 317 have been used to a 


much greater extent than th 
ferritic high chromium alloys 


which are equally as resistant | 
corrosion. The two most impor- 
tant of the 
straight chromium-iron alloys of 


these alloys are 
25 to 30° chromium, and Type 
329 


contains 


mentioned before, which 


small quantities otf 


additional elements such as 
molybdenum and nickel. 

The use of these alloys has 
been restricted because they are 
extremely difficult to process as 
well fabricate; likewise 


they become very britt! 


as to 


when 


welded or heated within the 
range of temperature encoun 
tered in stress relieving and 


annealing. The recent develop- 
ment of Allegheny Ludlum's 
new melting called 
“Pluramelt” described in Met! 
ProGress, February 191", by 
which various composili: s can 
s this 


pr cess 


be intermelted, is correct) 
situation. By making ple 
a thin facing of high ch 
alloy and a thick backin: 
carbon steel, we may tak: 


with 
nium 
f low 
lvan- 
tage of the corrosion res 
of the one alloy in com! 
with the highly desirab! 
cal properties of ordinal 


ation 
hvsl- 
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y-ACETYLENE FLAME-PRIMING makes paint 
faster and last longer. . . 


What it is and does 


acetylene flame-priming is performed 
assing the flame from an Oxweld heat- 
lead over structural steel before the first 
protective coating is applied. The quick 
I it causes rust and loose scale to pop off, 
and drives out the surface moisture, thus 
leaving a clean, dry surface for the paint. 


structures of any size or shape can be flame- 


primed in the shop or on the job. 


2. How it helps 3. What you need to use it 

Flame-priming is followed by wire-brushing, All you need to use this method is an Oxweld 
and close behind this comes the painting. As a W.26 heavy-duty welding blowpipe and an 
result the metal is clean, dry, and still warm— Oxweld flame-priming head, connected to an 
making the paint go on faster, bond tighter, dry adequate source of oxygen and acetylene supply. 
quicker, and last longer. Any operator can learn the technique quickly. 


and Linde can help you use it! 


Linde can supply the gases, the apparatus, and help in 
using flame-priming. If vou are interested in giving longer 
life to paint jobs—or if you are confronted with bottlenecks in 


using sand-blasting equipment—talk it over with Linde! 


THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation 
General Office: New York, N.Y.  Offfices in Principal Cities 
In Canada: Dominion Oxygen Company, Limited, Toronto 


DE OXYGEN... PREST-O-LITE ACETYLENE... UNION CARBIDE 
ELD, PUROX, PREST-O-WELD APPARATUS ... OXWELD SUPPLIES 


fl on Carbide and Carbon Cory 


Prest-O-Lite,” “Union,” “Oxweld,” “Purox,” and “Prest-O-Weld”™ are trade urks of Us 
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HARGUS OIL HARDENING TOOL STEEL 


PUNCH 2700 HOLES DIE 2700 HOLES 
Write for Our 
You Should Know 
More About 
HH HARGUS 


Ask For The Facts 


ESTABLISHED 


— TEEL & Wire 


High Gra Ae 
Tool Steel mann 


Chicago — Detroit — Indianapolis — Milwaukee 
St. Louis — Calumet, Mich. 


Genuine Original 


BELLIS FURNACES 


made only by 


THE BELLIS HEAT TREATING CO. 


Branford, Connecticut 


Having these exclusive* features: 
Heating by current through the bath between pot 
wall and adjustable electrodes. 


Pots and electrodes immune to chemical attack and 
resistant to oxidizing. 


Neutral baths of low melting point and wide tem- 
perature range. 


Wrought non-porous alloy and steel pots. 


Non Hygroscopic baths that descale and absorb 
oxides. 


Triple Furnaces with baths mixing at all heats. 
Electrodes water-cooled through the furnace wall. 


Permanent or portable starting coils. 
*Patented 


Also Manufacturers 


of 
BELLIS LAVITE 


The Ideal Heating Medium 
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Die GASTINGS 


(Cont. from page 67) die castings as well a 
for other parts now manufactured from po¢ 
stock and required in lots of many millions 
Approvals for the use of zine base die castings 
in fuses will only be forthcoming after satisfae- 
tory showings of sample parts in firing (ests a) 
Aberdeen Proving Grounds under extreme tem. 
peratures (—50° F. to +170° F.), and then onh 
when definite assurance can be had of uniform 
quality. Premature explosions of projectiles 0) 
failure to explode at the proper time are two 
faults for which mass production methods are 
not considered adequate Compensation. 
It would appear that the only zine die cast- 

ings suitable for use in ordnance are those made 
with 99.99-+-" zine and kept free from lead and 
tin contamination in melting and casting so as 
to insure stability of size and properties. For 
example, Navy Department Specification 1622 
specifies that only A.S.T.M. No. 23 alloy may 
be furnished, and the impurity limits necessi- 
tate the use of either virgin metal or approved 
high grade scrap with all compositions con- 
trolled by spectroscopic analysis. 
A recently approved Army-Navy Aeronauli- 

cal Specification (AN-QQ-A-366) which covers 
aluminum die castings for instrument cases per- 
mits the use of any one of three alloys (A, 5 
silicon, 1. copper; B, 12° silicon; or ©, 8 
magnesium). Specified physical, chemical and 
X-ray tests call for high quality castings. Arm) 
Air Corps design instructions do not bar th 
use of die castings from structural parts but 
specify that its calculated stress must not exceed 
15‘. of its tensile strength. Even on rocker box 
covers, castings must be free from porosil) 
Consideration is being given to the liberalization 
of impurity limits in specifications for aluminum 
alloys, but quality control will be insisted upo' 
Additional fields for die castings in detens 
production exist in Army transportation 
ships and Quartermaster supplies, as 
new cantonment construction. With the | 
tude of the defense program, the to! 
casting output should be increased rath: 
diminished, if the industry will appl 
aggressively to the problem = of sell 
defense procurement agencies. 
Harvey A, ANDERS! 

Technical Consultant 

on Die Castings 
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’ vou, as with us, 
\ ise comes first. Our 
»pticalinstruments 
apidly increased to 
jefense emergency. 
ndeavor to give our 
the best service 
existing cir- 
s, and ask your 
tic cooperation. 


CORNEA 


EYELID 


a” ‘ 


The Most Precious Optical Instrument in the World 


hen most important single fact in 

ir life is that you see. Through 
ves come more than 8<>°% of all 
ons that reach your brain. 


ly 


Pp you conserve your vision at 
ighest efficiency, thousands of profes- 
vesight specialists offer the skill 
training and experience. Most 
ise products of Bausch & Lomb 
ture—eye examination instru- 
-nses, evewear. 

onfidence in the products of 


\ \ 


SUSPENSORY 
LIGAMENTS | 


CILIARY 
MUSCLE 


Bausch & Lomb is matched in many 
branches of science and industry. In 
medical laboratories, where Bausch 
& Lomb microscopes aid in the end- 
less battle against disease; in industrial 
plants, where research engineers use 
Bausch & Lomb spectrographic and me- 
tallographic equipment to pertect newer 
and stronger metals, where Bausch & 
Lombinspection and control instruments 
help make manufacturing processes 
more efficient and more exact; in school 


VITREOUS 
~ HUMOR) 


CHOROID 


RETINA 


ACULA F 


rooms, where Bausch & Lomb projection 


equipment makes learning easier. 


Throughout the civilized world, the 
signature of Bausch & Lomb on a sci 
entific instrument earns respect for pre- 


cision and scientific accuracy. 


BAUSCH & LOMB 


OPTICAL CO. © ROCHESTER, NEW YORK 


ESTABLISHED 1563 
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QUENCHING STRESSES IN ALUMINUM®* graphically the effect th, 
quenching speed and copp. + eon. 

tent. WASSERMANN siudieq 


By A. von Zeerleder change in the lattice and found 
that the stresses remain, con- 
stant in round bars over ‘, jp. 
The radiographic work of Brick 
PHILLIPS and SMITH, on quench- 
ing stresses and age hardening 
in aluminum-magnesium alloys. 
must also be mentioned. 


improved their methods by con- 
sidering the radial and tangential 
stresses, as well as the axial ones. 
GROGAN and CLAYTON studied the 
quenching stresses in “Y” alloy, 
duralumin, and 25-S. PHILLIPS 


ITH the introduction of heat 
treatable aluminum alloys, 
quenching stresses became 
important. Heyn and Bauer first 
studied exhaustively the stresses 


induced by working, and Sacus 


IN OUR 
SHOP” 


So writes H. L. 
Fisher Mfg. Co. of 
Chicago, about 
their DoAll. 

“We build many 
special machines 
and our DoAll is 
in constant use. We 
can do more dif- 
ferent types of ma- 
chining on the Do- 
All than on any 
other two machine 


= 

tools. subjected to tension; the outer | 
“The large 2 itn le 

: layer will therefore be under | 

tool steel die sec- com »yression 

tions were done in '% the time it would have taken with other " ” Pe wile ) 

methods. The amount of steel we saved more than paid the oper- rhe magnitude of these inter- | 
ator’s time. nal stresses largely depends on 
“Any company working in metal and endeavoring to do machine the physical properties of the 

work without a DoAIll is throwing profits out of the window. To our quenching medium — that is, ils | 
way of thinking, you have developed the finest new item in machine cooling power. In addition, the 

° ” 
tools in several years. coefficient of expansion, tempera- 
4 ture, thermal conductivity, and 
SE. oO specific heat of the quenched 
Modesty prevents our material have some effect. 
adding anything to the above except this—If you work with metal, Ghat 
make or shape or repair metal products or machinery—you'll find 
the DoAll a time, labor and money saver. Takes the place of shaper, round pieces of pure aluminu 
milling and lathe work on hundreds of jobs and does internal and are almost free from strains, bu! 
external sawing, filing and polishing faster and bet- with increasing diame! the 
7. stresses reach a maxim ol 
Let our man come to your factory with a DoAll and show 8000 psi. at about |, in am- 
you what it can do and save for you. (Continued on page 95 

CONTINENTAL MACHINES, INC. *Extract from Journal of i | 


FREE — Literature 
and 158-page 
Handbook on Con- 
tour Machining. 


1307 S. Washington Ave., Minneapolis, Minn. 


Associated with the DoAll Company, Des Plaines, IJl., Manufacturers of 
Band Saws and Band Files for DoAll Contour Machines 
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The present studies relate to 
Avional D (4% Cu, 0.2% Si. 0.66 
Mg, 0.5% Mn, 0.2% Fe, balance 
Al). Extruded bars of 2-ip 
diameter were tested, made from 
8-in. billets cast in ordinary 
iron molds. 

Maximum heat stresses oceur 
after quenching; during rapid 
cooling the thermal expansion of 
the material is suddenly reversed. 
In a round billet, the outer layer 
cools more quickly than the cor 
and shrinks on the center whic! 
has not yet begun to contract 
Thus the outer layer is submitted 
either to elastic strain or to over- 
straining. Subsequently the core 
cools, and a state of equilibrium 
is next set up between the 
stretched outer zone and the 
compressed core. With further 
cooling of the core the stresses 
reverse; the contraction of the 
core continues and it is thereby 


Institute of Metals, London, 
page 87, 1941. 
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This year's 23rd annual Metal Congress and Exposition 
is going “‘all-out’’ for defense — giving the nation’s 
defense producers a chance to take stock of their progress 
and study new methods and equipment for speeding 
defense preparations. 


Each morning during the week of October 20th one of 
the government's leading executives will address the Metal 
Congress on defense progress and requirements in Army, 
Navy, Aircraft and civilian production. During the 
afternoon and evening sessions of the Congress, round- 
table discussions on the most important phases of arma- 
ment production will be headed by armament experts. 


These important sessions will attract thousands of ‘‘big- 
guns’ in national defense production to Philadelphia's 
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GOES ALL-OUT FOR DEFENSE 


Public Auditoriums where more than 275 manufacturers 
will display their products at the Metal Exposition. 


If you have a new aid to production . . . a better metal 
..@ more efficient machine . . . a speedier way to process 
and fabricate metals . . . you should plan to sel! the 20 
billion dollar metal industry through an exhibit in its 
biggest annual event. 


Advance reservations are the heaviest in history; how- 
ever, choice locations are still available at the regular 
$1.00 a square foot rate, so write, telephone or wire 
collect today for floor plan and full particulars. Address: 
W. H. Eisenman, Secretary, American Society for 
Metals, 7301 Euclid Avenue, Cleveland, Ohio. 


Cooperating Societies 


American Society for Metals 


Wire Association 


American Welding Society 


Institute of Metals & Iron and Steel Divisions of American Institute of 
Mining and Metallurgical Engineers 


WAL METAL 


AWD 
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TRESSES 
(Continued from page 94) 
eter, but the present investigation 
does not check this general 
tendency. 

In the 
internal strains were measured 
by Hreyn and Baver’s method of 
turning off small layers of metal 


tests described the 


and measuring changes in length. 


Figures so obtained are too low, 
since the method takes into con- 
sideration only the unidirectional 


longitudinal strain. 


Influence of cooling 


of the quenching medium, and 


the influence of cold work before 


or after age hardening at 70° F. 
The stresses 
what with 


cooling prior to quenching. 


increasing 


before 
quenching was studied — also 
the temperature and the nature 


also diminish some- 
time of 


im H. F. Moore extensometer is 


ideal for determining yield strength, 


elastic limit and proof stress, as stip- 
ulated in Federal Specification 


QQ-M-151 a. 


In addition to low zero error its 
large dial gage easily permits the 
reading of strains down to 0.00002 
inch per inch of gage length. The 
gage is easily attached by screws 
which hold it firmly in position. 


Adaptable to a wide variety of test 
pieces from 0.505 to 2 inches in thick- 


ness the H. F. Moore extensometer 
accurately averages strains on both 
sides of the specimen. Extension rods 
quickly convert it from 2-inch to 8-inch 
gage length. Write for Bulletin 153-A 
describing Southwark’s line of strain 


gages and extensometers. 


Baldwin Southwark Division, The 
Baldwin Locomotive Works, Phila- 
delphia; Pacific Coast Representative, 
The Pelton Water Wheel Co., San 


Francisco. 


THE BALDWIN LOCOMOTIVE WORKS 
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The greatest strains 
70° F., the lowest temp 
the tested. In warmer 
quenches at 120 to 140° PF. the 
strains have already d 
markedly, 


pear at 
ture of 


inished 


while quenching jy 
50 
+— 
30 
20 


10+) 199 
(Water 100°C. 


Contraction, Mn 


Effect of Different Quenching Medi 
on the Contraction in 1\%-In. Bor 
After Turning Off Successive Su 
face Layers. Bars annealed 2? }y 
at 970° F., aged 24 hr. at 120° |} 


boiling water causes no meas- 
urable strains. Oil quenching js 
also mild in its effects, and they 
are practically independent oi 
the temperature of the oil. 

An important reduction of 
internal strains occurs after 2 
cold stretching before or afte 
aging at room temperature. | 
the core the stresses are even 
similar effect is 
upsetting after 


reversed. A 
caused by 1% 
aging; a definite reversal of th: 
strains in the outer layer then 
occurs. 

One difficulty with the elim 
nation of strains by heat treat- 
ment (tempering) is that this 
may cause undesirable changes 
in strength or corrosion resis! 
ance. There remains, theretor 
the method of removing th 
internal subjecting 
the piece to a small deformation 
of another kind. With draw! 
materials this procedure can hn 
combined with the straighten 
For this operation un piling 
machines and inclined-re! 
straightening machines are use’ 
in this way the compress! 
stresses in the outer la.er 
reduced or even transfor:ed i! 


stresses by 


tensile stresses. It is 
sible to reduce the rna 
strains by bending or 
ing, or by subjecting th piec® 
to compression in a liqu 2 
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Prevents Decarburization when Used with Drycolene 
Protective Atmosphere, Assuring Scale-free Surfaces 
of Heat-treated Steels 


ECENTLY General Electric announced a Why Drycolene Prevents Decarb 

new protective atmosphere drycolene, an  Drycolene is a balanced blend of gases, contain- 
atmosphere-gas that prevents decarburizing inthe ing no oxygen, moisture, or carbon dioxide-—-the 
heat treatment of carbon and alloy steels. Now, ‘ecarburizing agents. Hence, no decarburizing 
we give you a complete line of new box-type tool- reaction can take place between the atmosphere 


and the steel. 
room furnaces designed for use with drycolene. L 
For no decarburization and no scale, this combi- 


pee ££ Pee hardening job and assure you hardness uniform- 
nation of furnace and drycolene producer is ideal. ity. G-E engineers can recommend the right 


It is easy to operate, and made in four sizes to. furnace. Get in touch with our nearest office. 
meet various requirements. General Electric Company, Schenectady, N. Y. 


WEIGHT CHANGE AND HARDNESS COMPARISONS PROVE ABSENCE OF DECARBURIZATION 


Comparison of Identical Steels Treated in Drycolene and Ordinary Combusted Gas 


Hardened Hours in Treated Weight Change Rockwell Hardness 
at Furnace in G Per Sq CmX100,000 Seale 15N Scale 
No. 1 52100 1500 2 drycolene +19 66.8 68.6 
52100 1500 2 — — 45 62.5 600 
No. 3 1090 | 1500 2 drycolene + Q 66.5 66.8 
1090 1500 ~44 63.0 61.0 


“Readings are 15N superficial hardness converted to “’C’’ readings for comparison with “C’’ readings taken directly. 

Readings taken in the ‘as quenched” condition. 

1 and 3—Very slight carburization is indicet- 1 by both an increase in weight and @ superficial hardness greater than the 
C” hardness. Carburization is so slight th does not show in photomicrographs. 

2 and 4—Decarburization is proved by lo. veight and a superficial hardness lower than the “’C’’ scale reading. Decar- 

burization shows plainly in photomicrographs. 
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FLAKES IN 


FORGINGS 


Abstracted from The Metallurgist, Feb. 28, 1941, page 4. 


HERE IS SOME evidence that 
“flakes” are not discontin- 
uities. A general decrease in 
their area, with corresponding 
improvement in tensile strength 
and elongation, results from the 


increased degree of crystalline 
refinement produced by heat 
treatment. Discontinuities would 
not be expected to heal in this 
manner. This type of defect has 
been found in practice to follow, 


irs A CANVASS 


ow-OR THE CANVAS LATER ; 


ALTER EGO: Literally ‘‘one’s other self” 


the still, small voice that questions, inspires and 


corrects our conscious action. 


When volume drops perhaps we 
should think about taking up arc 
welding asa guard against com- 
petition. 


ALTER EGO: Did you say “a guard’’? It’s 
too late to be on guard against welded 
competition when we're surrounded by 
it. It’s too late to put up your dukes 
once the uppercut is on its way. 


You mean we're at the point 
where we should use our dogs 
before we use our dukes? 


ALTER EGO: Yes! Go into the big plants 
and see how they’re breaking schedules 
and bottlenecks and turning out better 
products with welding. 


Copyright 1941, The Lincoin Electric Co. 


Not a bad idea. Let's canvass 
every possibility learn every 
dodge to protect us against the 
competitive troubles that are 
coming up—fast. 


ALTER EGO: Now! You're getting your 


chin up...not out. It’s a canvass now 
. or the canvas later. 


LINCOLN SUGGESTS: To canvass 
the possibilities of arc welding for your 
product: (1) Ask for a free copy of 
“How to Change-over to Welded De- 
sign”. It givesa plan, backed up by a 
guarantee of profits. (2) Call in the 
Lincoln man and get his suggestions 
for improving-your product and cutting 
your costs—to prepare for times ahead. 


Largest of Arc Welding in the World 
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usually, overheating of th jece. 

As opposed to this » of 
lake, which FoLey regard: the 
genuine variety, another ofeet 
(more accurately describe. as 4 
cooling crack) appears in jet}. 
Operations which result the 
coarsest grain structure produce 
the greatest tendency toward the 
development of these cooling 
cracks. believes, however. 
that they can be welded up, and 
there is therefore no stage at 
which hot working will not fully 
correct this type of defect. The 
temperature range in which 
internal cracking occurs is prob- 
ably different for different com- 
positions of steel. 

Such defects have been prac- 
tically eliminated by using a 
controlled rate of cooling. While 
relatively high carbon steels may 
be more susceptible to cooling 
cracks, the greatest trouble has 
been experienced with the low 
alloy chromium, chromium- 
molybdenum, nickel-chromium 
nickel-chromium-molybde- 
num steels. The basic electric 
furnace, in FoLey’s opinion 
(Metals and Alloys, October 
1940), produces the greatest pro- 
portion of flaky steel; there is 
considerable authority for the 
statement that acid steel is less 
prone than basic to develop 
defects of this type and, in fact, 
FoLey states that he has yet to 
encounter flakes in acid steels. 

A large part of the trouble 
arises in the production of alloy 
steel forgings of large section 
Susceptibility appears to start in 
sections of 2 to 3 in. Smaller 
sections rarely, if ever, develo 
flakes under normal condi! ions, 
which is consistent with the fac! 
that they do not occur in the 
outer inch or so of surface metal 

These facts regarding sive of 
section do not appear to 
logically with the use of 2 slow 
cooling rate for their elimin | 10", 
since the defects are nol ind 
in the smaller sections an the 
outer layers, which coo! 10st 
rapidly. However, this an 


(Continued on page 1! 


ae a 

hes 

het 

| 

\3 4} —~ \ Ls 

| 

bat 


TOUL AND ELECTRIC FURNACE ALLOY STEELS 


CARBON TOOL STEELS 
ALLOY TOOL STEELS 
VALVE STEELS 


-ARISTOLOY 


__STEELS SPECIAL AND FINE STEELS 
STAINLESS STEELS 


FREE CUTTING STAINLESS STEELS 
NITRALLOY STEELS 


ARISTOLOY TOOL, SPECIAL, AND STAINLESS STEELS 


Hot Rolled * Pressed * Tempered * Annealed * Spheroidized Annealed 
Heat Treated * Cold Drawn ° Straightened * Turned * Centerless ground 


COPPERWELD STEEL COMPANY WARREN. OHIO 


TOOL STEELS, VALVE STEELS, STAINLESS 
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FLAKES 


(Continued from page 102) 
may be explained if the effect is 
due to hydrogen, held in solid 
solution in the steel down to 
“black heat”, and then suddenly 
liberated. Undoubtedly hydrogen 
in sufficient amounts will cause 
cooling cracks, yet even in such 
will 


cases controlled cooling 


entirely prevent their occurrence. 

While it has not been shown 
that hydrogen is the only factor 
which will render steels suscepti- 
ble to this defect, its elimination 
as far as is practicable during 
melting is a step in the right 
direction. Zaprre and Sims in a 
series of articles in the same 
publication list the main sources 
of hydrogen as moisture in com- 
bustion air, rust on serap and 
mill seale, lime, and ferro-alloys. 


BARRELS, 


SPECIAL 


No matter how tough the test—how difficult the problem— 
turn to Pangborn for blast cleaning that is QUICKER, 
CHEAPER and BETTER. 


If pushed for production—install airless ROTOBLASTING 
—use it twenty-four hours a day—seven days a week. 
Pangborn Barrels, Tables and Special Cabinets have 
stamina and strength—have proven they can take it— 
BY CONTINUOUS INCREASED PRODUCTION. 


For speed—for control—for lower cost cleaning—shift 
gears quickly into ROTOBLASTING. Costs have dropped 


as much as 50%. 


Production has increased as high as 


80%. And quality goes up to the very top. 


For quickest possible delivery—place tentative orders NOW. 


WORLD'S LARGEST MANUFACTURER OF BLAST CLEANING & DUST CONTROL EQUIPMENT 


— 


~ 


4 


PANGBORN CORPORATION - - - HAGERSTOWN, MD. 
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They make the folk 


ree- 

ommendations: 
1. Select a charge tho is free 
from moisture and ru The 
lime should be carefull. drieq 
and stored in moisture-pr. of cop. 
tainers. Ferro-alloys, « cially 
if they are to be added late in the 
heat or in the ladle, should pe 


dried before using. 
2. In 
draft or blast of air, dry the gir 


processes requiring 9 


3. Use a vigorous boil lasting 
about 1 hr. (as recommended by 
Russian metallurgists). The rate 
of carbon elimination should not 
be less than 0.1% per hr. The 
acid openhearth will perhaps per- 
mit a rate of 0.2 to 0.3° per hr. 
without over-oxidizing the melt. 
A total elimination of 0.5% is 
optimum. High temperatures are 
recommended by the British. 

4. Shorten the 
period. Avoid late additions to 
the bath. Tap at the lowest feasi- 
ble temperature, according to the 
British and the Germans. 

5. Avoid mold washes that 


refining 


contain hydrogen. The shape of 
the mold is without influence. 

6. Pour slowly and _ prevent 
splashing and foaming. Bottom 
pouring is recommended. 

7. Strip the ingots at about 
1100° F. and place them in the 
soaking pit until they are uni- 
formly heated to the forging tem- 
perature; or, if they are not to be 
forged immediately, bury them 
after stripping in ashes, slag 
wool, charcoal dust, or some 
other insulating material, and let 
them cool slowly almost to room 
temperature. Some hot working 
before cooling is beneficial. 

8. After forging, cool the 
material in the manner just 
stated, being particularly careful 
that the cooling rate is exceed- 
ingly slow through the tempera 
ture range where the stee! 's 20 
This precsution 
use 


longer plastic. 
is important, not only } 
both the solubility and dif ibil- 


ity of hydrogen decreas vith 
decreasing temperature, bi 
because internal stresses a! 0D!) 
slowly relieved below 700 ] 
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Distributors Warehouse Stocks in 
the Following Cities: 

J.M.Tull Metal & Supply Co. 
BUFFALO, WN. Y. . . « Root, Neal & Co 
BORGER, TEXAS . Hart Industrial Supply Co 
BOSTON, MASS. Betmont //. Boker & Co., Inc.; Fluke 
CHICAGO, LL. age Machinery & Welder Corp 
CINCINNATI, OHIO ; Williams & Co., Inc 
CLEVELAND, OHIO Williams & Co., Inc 
COLUMBUS, OHIO . . Williams & Co., Inc 
DETROIT, MICHIGAN C. EB. Phillips & Co., Inc 
ERIE, PENNA, . . « « Boyd Welding Co 
FT. WAYNE, IND. Wayne Welding Supply Co., Inc 


ATLANTA, GA. 


HAWALI Hawaiian Gas Products, Lid 
HOUSTON, TEXAS . Champion Rivet Co. of Tezas 
KANS ITY, MO. . Welders Supply & Repair Co 
WINGS T, TENN, . : Slip-Not Belting Corp 
LOS ANGELES, Catige. Ducommun Metals & Supply Co 
MILWAUKEE, Wis. Machinery & Welder Corp 
MOLIN L. : Machinery & Welder Corp 
NEW K, N.Y. 1. Boker & Co., Im 

on CITY, OKLA Co 
Pame KAS 

PITY H, PA. 

Por OREGON 

N.Y. Welding 

SAN SCO, CALIF. Ducommun Metals « 

SEATTLE. WASH. . A 

“Oo . . Machinery & Welder Corp 

Tot Welding Supply Co 


Williams & Co., Inc 
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“QUALITY WELD METAL EASILY DEPOSITED” 
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C tured after 
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to give antimony at the , de 


T R A T ( | M TA LS and collect gold and silve; he 


slimes. About 85% of the 


nie 

in the raw concentrate is ry ed 

(Continued from page 51) monial lead; but for producing by roasting at 900° F, in » im 
Antimony ——- Work has been pure metallic antimony a process atmosphere. These calcein: ere 
under way since 1917 on an Idaho such as is described below is smelted with iron, and slav ang 
gold ore that is penalized severely applicable, and is now ready for lean matte separated from the 
by copper smelter schedules on semi-commercial trials. “metal” which contains 6) to 
account of a 15° antimony con- The general scheme is to pro- 80° Sb. Anodes cast of this 
tent in the concentrate. Antimo- duce a crude antimony bullion metal are electrolyzed in 4 syj- 
nial ores of this type can be sent containing the precious metals phate-fluoride bath, the cathodes 
to lead smelters to produce anti- and to refine this electrolytically from which contain 98.5% anti- 


mony and 1.5 arsenic (which 
‘an be eliminated, if necessary. 
by fusion under sodium salts). 

Nickel — Ores containing '.¢ 
of both nickel and copper are 
found in Nevada, and a treat- 


ment has been worked out to a Alm 
point that would justify semi- 
commercial scale tests when 
assurance is given of an adequate 


deposit. These ore bodies are 


mac! 
now being explored by the Sec 
tion on Investigation of Domestic ~~ 
Sources of Strategic Minerals = 
The process is a simplification of - 
the one used in the Canadian - 
nickel plants. This 

Flotation of the ore produces ing | 
concentrates containing 4.60 Ni, equi] 
6.1° Cu and 26.0% Fe which can Bcier 
be smelted directly to matte. The whe! 
iron and sulphur is then blown And 
out (slagged) in a basic converter been 
and the converter metal —— prin- foun 
cipally nickel and copper is 
cast into anodes for electro-refin- Ron. 
ing. A portion of the converter - 
metal is leached to produce elec- - 


trolyte. Copper is recovered in 
the first electrolytic cells, using 
the converter metal as_ soluble 
anodes. The nickel concentration 
in the electrolyte builds up as the 
copper is plated out, and the elee- 
trolyte is finally stripped of cop- 
per. The high nickel electrolyte 
then goes through purifica‘ion 


TITANIUM | system, in which all detrimental 


impurities are removed and the 
| resulting nickel solution is ‘ed 

to the nickel cells. PI 

The products of the process Do 


GENERAL OFFICES AND WORKS: NIAGARA FALLS, ¥., UL 


are electrolytic copper, ¢ 


EXECUTIVE OFFICES: 111 BROADWAY, NEW YORK CITY | ivtic nickel, and anode es 


: 
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STEEL CASTINGS 
TODAY more than euer 


Almost every phase of modern industry must have steel 
castings in order to proceed with its job. For example, 
jn defense production steel castings are vital to two 
liferent phases of this work. First, in much of the new 
machinery needed by all branches of industry—before 
they can turn a wheel for defense work—steel castings 
must be produced! Machine and tool builders are 
using steel castings for many parts because the steel 
casting is one solid piece of steel cast to exact size. 
This considerably reduces the time required for machin- 
jing and speeds up production of finished tools and 
equipment. It means also a lighter, stronger product 
scientifically designed with metal thickness placed 
where the greatest stresses and strains are applied. 
And that’s one type of job that for many months has 
been rapidly flowing through America’s steel casting 
foundries. Then there are castings needed for the 
pectual products—for the boats, planes, guns, ammuni- 
tion, equipment, tanks, trucks and similar wartime 
needs. For all these requirements today, the faster 
and better answer is steel castings! 


* * 


New Jersey 


- American Steel Castings Co. 
Avenue “L” and Edwards Street. Market 3-5464 
Philadelphia, Pa. Rochester, New York 
4 odge Steel Company The Symington-Gould Corporation 
y. MAYfair 1650 Genesee 101 
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Front and Millard Avenue. 


Fields in Which 
STEEL CASTINGS 
Are Constantly Used 


Aeronautical 
Agricultural Machinery 
Automotive 

Bearing 

Boiler, Tank & Piping 
Bridge 

Chemical & Paint Works 
Compressors (Pneumatic) 
Conveyor & Material Handling 
Crushing Machinery & Cement Mill 
Dredge 

Electrical Machinery & Equipment 
Elevator 

Engine 

Food Processing & Packing Plant 
Foundry Machinery & Equipment 
Gas Producer & Coke Oven 

Gears 

Heat Treating Furnace & Equipment 
Hoist & Derrick 

lron & Steel Industries 

Metallurgical Machinery 

Mining Machinery & Equipment 

Oil or Gas Field & Refinery 
Ordnance 

Overhead Crane & Charging Machine 
Paper Mill 

Printing Press 

Pump 

Railroad 

Refractory, Brickyard & Ceramic 
Refrigeration Machinery 

Road & Building Construction 
Rubber Mill 

Ship & Marine 

Shoe Machinery 

Smelting Plant 

Spray Painting Equipment 

Steam Turbine 

Street, Elevated, & Subway Cars 
Textile Machinery 
Valves, Fittings & Piping 


Ohio 


Unitcast Corporation, Steel Casting Division 


Toledo 


Tulsa, Oklahoma 


Oklahoma Steel Castings Company 
1200 N. Peoria. 
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M A C; N [- S | [J M cial operation in Austria, and of hydrogen per Ib. of ota 


described as follows: Calcined reduced. Even this drast) ego). 
magnesite of high purity is mixed ing and dilution does not vent 

(Continued from page 110) with one third its weight of coal much reoxidation. 

While the production of or coke. The pulverized mixture The condensate is a s rfine 
magnesium from chloride brines is fed continuously between the powder containing 60 Tc 
is well known, another generous electrodes of a three-phase elec- metal, 7% carbon, 15 nag- 
source of the metal is in the tric furnace in which the are nesium oxide, and silicides oy 
‘carbonate, magnesite. strikes a carbon bottom. The carbides of the impurity tals. 

Distillation. Experimental entire charge is volatilized, and It is collected in a cooler and 
work has been based upon gen- the gaseous product escapes filter system, mixed with resi. 
eral information concerning a through a flue, where it is “shock- dues, passed through a bri juette 
process said to be in commer- chilled” by injecting 6000 cu.ft. press, and then redistilled jp 


an electrical resistance furnace 
heated to 1650° F. and evacuated 


hen D Orders Demand | 
densate is violently pyrophoric, 


all these operations must be ear- 


S§ Wits, A ried out in a hydrogen atmos- 
CCH phere. The hydrogen is passed 


through a regenerating plant to 
remove carbon monoxide, and the 
cooled, purified gas is returned to 


the furnace for repeated cycles. 
In studying this process the 


most important innovation made 
by the Bureau's researchers is the 
use of a light distillate fuel oil 
to spray and condense the meta! 
vapor. It requires only 7 or 8 
gal. of oil per lb. of magnesium, 
and most of the oil is recoverable 
for re-use. The condensate is col- 
lected in a centrifugal separator 
as a thick mud, which can be 


exposed to air safely. 

Lack of information regarding ; 
the foreign technique forced the 
Bureau investigators to develop 


the following details: 


k 1. A gas-tight are furnace 
operating at 4000° F. 
2. Refractories to resist dis- ' 


Large castings, small parts, sheets or shapes, Non- 

Ferrous or Ferrous metals: the heat treating will be integration at 4000° F., and ade ] 
handled with speed and accurate heat control in a quate thermal and electrical 
Despatch furnace. New alloys can be heat treated ee 
with absolute accuracy in a Despatch convected air insulation. 
furnace. The entire work chamber temperature will 3. A hydraulic feeder to inject 

maintain a uniformity that will assure = 1-point Rock- 
well. The temperature control at any point from 275 F. 


a pulverized mixture into the tur- 


to 1200" F. is absolute and reliable. nace at a controlled rate through 
F New Despatch features of heating and distributing a sealed port. 
E os = — for such speedy handling and heat 4. Regulation of the power 
Write today for Bulletin No. 81 F. It explains new Despatch input to the are furnace to pro- 
duce a reaction rate ex 
4 equivalent to the rate at ich 


6. Control of the temp« 


(Continued on page 1? 


feed is supplied. 
0 V E n A spray no to 
¢ 0 m 7 A n y atomize the oil. 
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This B1224 “AMERICAN” Electric Fur- 
nace is a star performer. You can operate 
it at 500° F. or 1900° F. With its “AMERI- 
CAN” Atmospheric Control you can 
obtain results you never thought were 
possible. You can reduce your rejections, 
increase your quality, and lower your 
heat treating costs. 


Chamber 12” wide, 24” deep, 10” high. 


“AMERICAN” Electric Furnaces represent 
the highest point of development in indus- 
trial design. There is nothing theoretical 
about them. They are utterly practical, 
fully proved by years of hard use. You 
can save money by installing “AMERI- 
CANS”. 


Write for bulletins today! 


30 VON HILLERN ST. ok 


Industrie! -Furneces - for 


July, 1941: 


Nace 


BOSTON, MASS., U. S: 
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MAGNESIUM 


(Continued from page 122) 
in the separator by regulation of 
the rate at which the oil is cir- 
culated. 

7. A eyelonic separator to 
remove the condensate from the 
gaseous products. 

8 A continuous, two-stage 
distillation furnace to recover oil 


and refined metal from the crude 
condensate. 

Laboratory tests of this 
revised process have been com- 
pleted, samples of refined metal 
produced, and the data required 
to design a larger unit have been 
obtained. Extensive tests in large 
equipment provided with auto- 
matic operations and controls 
will determine the technical and 
economic feasibility of this 
attractive process. 


T 1650° F. 

REDUCING TUNGSTEN A 

CALLS FOR EXCEPTIONALLY HEAT 
RESISTANT FURNACE PARTS 


gsten, chemical deriva- 
are reduced un- 


In producing tun 
tives of the native ore ono 
der heat in an atmosphere of Mo 

| 50° the 
hydrogen. Subjected to 1650° F., 

i ocess 
closed tubes employed in the pr 
r»conel. 
llong withstand this 
e and 


are made of Ir 
Few metals couk 

, of high temperatur 
-onel has 

reducing atmosphere. But 
the required characteristics. 
ally resistant to heat, 


combinatiot 


strong and unusu 


nufacturing tung- 
Tung- 
chambers 
boats for 
pound are 
i has cast 


Furnace for 
sten at plant © a 
sten Company- Heating 
are Incone 1* tubes, 

carrying tungsten com 
Nickel, and loading e™ 


Monel fittings with Monel* tubes. 


nickel alloy resists 


this durable 


flaking and spalling, assures 
pendable performance. 
The many advantages © ren 
high temperatures, listed 
widely recognized. As : 
useful alloy is widely used for in , 
ace parts and accessories, a!f 


rial furn 
manifolds and other 


lane exhaust | 
al «0 national defense. 


equi yment vi 
Inconel write for 


For information on 

Bulletin C-8, “High 1¢ 

of Monel, Nickel andIncone 

L NICKEL COMPANY, INC. 
NE 


mperature uses 
1.” Address: 


THE INTERNATIONA 


ORK, N. 
67 WALL STREET w yY 


1. Maintains high strength and ductility. 


does not readily scale off. 
3. Resistant to carburization. 
4. Resistant to the effects of nitriding gases. 


ADVANTAGES OF INCONEL AT HIGH TEMPERATURES 


other protective atmospheres. 

2. Very resistant to oxidation. Oxide adherent, 6. Makes ductile welds, not subject to inter- 
granular deterioration. 

7. Free from excessive distortion during sudden 
temperature changes, due to low coefficient of 
thermal expansion. 

5. Resistant to hydrogen, cracked ammonia and 8. Readily formed into complicated shapes. 


**"Monel” and other trade-marks 

INI which have an asterisk associated 
Jiwconet, with them are trade-marks of The 
International Nickel Company, Ine. 
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Conversion of 
Carbonate Into Chilo jo 


The present standard jethog 
for producing magnesiu: metg) 
by electrolysis of a fu 


mi 
ture of MgCl, and NaC! better 
adapted to salts derived froy 
brine than to magnesite os a ray 
material. 


It is possible, however, to cop. 
vert calcined magnesite direct) 
to chloride by heating it with 
‘arbon in a chlorine atmosphere 
The product may be electrolyzed 
to magnesium metal and chlo- 
rine, and the chlorine can be 
used cyclically. The reaction ean 
presumably be accomplished by 
passing chlorine through a heated 
bed of a briquetted mixture of 
carbon and calcined magnesite 
by atomizing the pulverized mix- 
ture into a heated chamber with 
chlorine gas. 

No method in which th 
reactor is externally heated 
appears to be feasible for use o: 
a large scale. Difficulties in fore- 
ing chlorine through impervious 
briquettes led to the development 
of means for feeding ore, carbon, 
chlorine, and air at controlled 
rates through an atomizing 
burner into a small shaft fur- 
nace, heated by the combustio: 
of the excess carbon. A_ high 
conversion was accomplished in 
one such furnace that operated 
continuously over a long period 

The magnesium chloride pro- 
duced contained calcium chlorid 
carbon and silicon as impurities 
When this material was electro- 
lyzed in the usual type of cel 
(with submerged cathode) th 
metal always contained 
sions of the electrolyte. 

To avoid this difficulty, a ce 
with a floating cathode (of th 
type used for making electrolyt 
calcium) was tested. The meta! 
produced in this cell was oxce}r 
tionally clean with virtu: 
inclusions. Spectrograph — co! 


parisons showed slight!) more 
impurities than Dow ri tilled 
metal, but less than nary 
electrolytic magnesium. 


i! 

MATERIA 

UNDER FIRE... 

‘ 

| 

g 
be 

J 
i 

INCONEL 


